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THE HARVARD STAR, Z CENTAURI. 


In December 1895, the H. C. O. Circular No. 4 announced 
that a “new star’ had just been discovered by Mrs. Fleming, 
from an examination of the Draper Memorial photographs taken 
at Arequipa, Peru. The Circular stated that the star was situ- 
ated very near the nebula JW. G. C. 5253; that no trace of the 
star could be found on 55 plates taken from 1889 May 21 to 
1895 June 14; that its magnitude on 1895 July 8 and July Io 
was 7.2, and on 1895 December Ig was about 11; that an exam- 
ination with a prism on December I9 showed that the spectrum 
was monochromatic, and closely resembled that of the adjacent 
nebula; and that, like the new stars in Cygnus, Auriga and 
Norma, this star appeared to have changed into a gaseous 
nebula. 

The star was at once observed at Mt. Hamilton. It was 
found to follow the nucleus of NV. G. C. 5253 by 1*.4 and was 
north of it 18". Its position for 1875.0 was’ 

a = 13" 32™ 51°.9, 8= — 30° 59’ 58”. 
On the nights of 1895 December 22 and 29 I examined the 


* Ast. Jour., 16, 85. 
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spectrum of the star—then 11.2 magnitude—and was reasonably 
certain the spectrum was continuous, but the seeing was too 
poor to permit a definite decision. It was certainly not nebular. 
On the morning of February 8, 1896, the conditions were good, 
and I carefully examined the spectra of the star and the adjacent 
nebula, using the large spectroscope and 60° crown prism. The 
nebula’s spectrum was of the usual type, the lines at AA 5007, 
4959 and 4862 having their usual relative intensities. The line 
near A 4690 seemed to be present, as in the case of V. G. C. 7027 
and G.C. 4964. The spectrum of the Harvard star was continuous, 
though very peculiar. The maximum visual intensity was in the 
yellow-green, the green-blue was very faint, while the blue was 
surprisingly strong. In fact, the blue was very much brighter 
visually than the green-blue. The spectrum was relatively very 
faint from about A 5200 to A 4600. There was no trace of the 
nebular lines visible, nor of the AB line. There was some 


evidence of bright lines or of irregularities in the brightest por- * 


tions of the spectrum, but the light was too weak to enable me 
to decide. The slit was at right-angles to the line joining the 
star and the nebula. By pressing against the telescope the 
two spectra were alternately brought into view. The nebular 
spectrum thus formed a good basis of comparison, and the star 
spectrum in no wise resembled it. 

The Harvard observation of the spectrum was made on 
December Ig with the 15-inch telescope, when the star was of 
the 11th magnitude, very low in the sky and nearthe Sun. The 
continuous spectrum under such circumstances would be exceed- 
ingiy faint. The star and nebula are less than 30" apart. Is it 
not possible that the observed spectrum was that of the nebula, 
and not that of the star? 

On June 11, 1896, Professor Hussey observed that the star 
had decreased in brightness to 14.4 magnitude, and that it was 
surrounded by a faint, irregular nebula which’ seemed to extend 
continuously to the main nebula south preceding. On July 9 
he observed the star to be of the 16th magnitude, and the nebu- 


losity surrounding it was plainly seen to be continuous with the 
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bright adjacent nebula, V. G. C. 5253. That the nebulous back- 
ground was not seen earlier was probably due to the overpower- 
ing light of the star. On January 4, 1897, Professor Hussey 
looked for the star, without success: it was fainter than 164% 
magnitude, and invisible. 

Some writers have contended that this star is not a ‘new 
star,” but that it is identical with Cord. DM.—31°10536," 
observed on four nights in 1885-92 at Cordoba. While I do 
not want to enter upon a discussion of this question—at present 
unsolved and not now capable of solution, apparently—I may 
perhaps express my opinion that all the evidence available 
points to the identity of the nebula WV. G. C. 5253 and the star 
Cord. DM.—31°10536. The evidence that the Harvard star was 
observed previous to 1895 July 8 is confined to the single Cor- 
doba date, 1887 April 12. 

If the star is simply a variable, as some writers contend, its 
period must be very long, or its variations very irregular. 

If the star is to be classed with the “temporary” stars, it is 
not analogous to the new stars in Cygnus, Auriga and Norma, 
but rather to the star of 1885 in the Andromeda Nebula. 


THE SPECTRUM OF MARS. 


My visual spectroscopic observations of Mars and the Moon ~ 
in 1894, under extremely favorable circumstances, led me to 
conclude that the two spectra were apparently identical, so far 
as visual estimates of the intensities of the telluric lines were 
concerned. My paper on the subject stated the conclusions to 
be drawn from the observations as plainly as it would be possi- 
ble even now to state them. Nevertheless, they were misunder- 
stood persistently by many reviewers, and I beg to re-state them 
here, viz. : 

While the polar caps are conclusive evidence of the presence 
of atmosphere and vapor (probably water-vapor) on Mars, yet 
these do not seem to exist in sufficient quantities to have been 
detected by any spectroscopic observations thus far made; and 

* Ast. Jour. 16, 16, 106, 165, 166. 
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my observations indicate that the density of the atmosphere at 
the surface of Mars is not more than half as great as the density 
of our atmosphere at the summit of the Himalaya Mountains. 

Thus far, all the observations were visual, though there were 
plates sensitive to the light from the region of the important 8 
vapor band. In March 1895 I obtained a few photographs of 
the spectra of Mars and the Moon, on Cramer’s isochromatic 
plates, using the large Brashear spectroscope.and a 60° crown 
prism. The photographs covered the region of the 8 band. 
There was no visible difference in the spectra of the two objects, 
though the conditions were not first-class. 

On October 22, 1895, using the apparatus described above, I 
obtained a long series of photographs of both spectra. The 
dew-point for the night was 0° Centigrade. Some of the nega- 
tives were copied on lantern-slide plates, for the purpose of 
increasing the contrasts in the spectra. Neither the original 
negatives, nor the positives on slow plates, revealed any differ- 
ences in the two spectra. However, a comparison of the plates 
corresponding to high and low altitudes, convinced me that the 
photographic method with low dispersion is not so sensitive as 
the visual method with the same dispersion. On December 18, 
1896, I obtained a few photographs, using a fourth-order grating. 
It was necessary to use a rather wide slit, and the negatives were 
considerably underexposed, though comparable in the 8 region. 
There was no visible difference in the spectra, but the result is 
purely negative, for two reasons: (a) The negatives are not as 
dense as they should be; and (4) I was unable to secure photo- 
graphs at low altitudes, to test the sensitiveness of the method. 
I believe the photographic method with high dispersion is fully 
as sensitive as the visual method with low dispersion; but to 
what extent it is more sensitive I cannot say. A train of three 
flint prisms would have been much more efficient than the 
grating, but such a train was not available. 

There has been some discussion as to whether high or low 
dispersion should be used in such a problem as this. Not to 
enter upon a consideration of the general question, I may per- 
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haps make one or two remarks. In the photographic study of 
a spectrum, such as that of Mars, the question of brightness does 
not enter, except as it affects the exposure time. When the 
visual method is used, the question of brightness does enter. 
It is then a question of getting @ /ittle something with low disper- 
sion, or nothing at all with high dispersion. It has been my 
experience that those who have not observed spectra at night 
invariably overestimate the brightness of those spectra. 


COMET 1895 IV (PERRINE). 


Visual observations on November 17, 1895, showed the yel- 
low, green and blue bands of carbon, with their usual relative 
intensities, together with a strong continuous spectrum. 

A photograph taken December 8, 1895, showed the follow- 
ing features: 

The blue carbon band, unresolved, maximum near A 4690. 

4 4366 bright line, easy. 


44383 faint. 

A 4298 

A 4214 “very easy, cyanogen. 
A4196 “easy, Cyanogen. 


Traces of several bright lines between A 4100-4000 
(cyanogen ?). 
d 3881 brightest line on plate, cyanogen. 
\ 3870 very bright line, cyanogen. 
Continuous spectrum between AA 4700-4000, which has a fluted 
appearance, as if caused by the principal groups of absorption 
lines in the solar spectrum, notably the group at G. 


COMET 1895 V (BROOKS). 


On November 22, 1895, visual observations showed that the 
spectrum was of the usual character. The spectrum was too 
faint to photograph. 


COMET 1896 I (PERRINE). 


On February 19, 1896, the visual spectrum was of the usual 
character. A photograph recorded the bright cyanogen lines 
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at AA 3881 and 3870. No other lines were recorded, on account 
of the faintness of the comet, which was not visible to the naked 
eye. 


COMET 1896 111 (SWIFT). 


On April 30, 1896, the visual spectrum was of the usual char 
acter. The spectrum was too faint to photograph. 


COMET 1889-96 (BROOKS-JAVELLE). 


Visual observations were made on August 15, and Octo- 
ber 6, 1896. The comet was about 13th magnitude. The con- 
tinuous spectrum was plainly visible, and I was pretty certain 
that a trace of the green carbon band was visible, but not abso- 
lutely certain. There was no doubt that the continuous spectrum 
was relatively much stronger than the gaseous carbon bands in 
this comet, than in any of the other comets I have observed, 
except in the case of Holmes’ comet of 1892. 

These comet photographs and many of the visual obser- 
vations, were made with the 12-inch telescope and the large 
Brashear spectroscope mounted in a wooden case, using a 60° 
crown prism. This combination is very effective for photograph- 
ing comet spectra, except that the clock and slow motions are 
unsatisfactory, and render the guiding very difficult. Further, 
this combination permitted me to make the observations without 
interfering with the regular spectroscopic work in the large dome. 
An extensive and expensive equipment is not necessary for the 
study of comet spectra, and the subject is seriously neglected. I 
desire especially to call attention to the importance of observing 
the spectra of periodic comets, both visually and photograph- 
ically, at every opportunity. It is a good working hypothesis 
that the continuous spectrum is relatively stronger in periodic 
comets than in parabolic ones. Asa comet approaches the Sun, 
its more volatile constituents are excited, electrically or other- 
wise, and are probably driven off permanently from the mass of 
the comet. For a parabolic comet this effect would be tempo- 
rary, while for a periodic comet it would go on constantly, under 
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the Sun’s influence ; in which case it would seem that the bright- 
line spectrum of a periodic comet should gradually become less 
prominent. This view is supported by the observed spectra of 
Comet III, 1892 (Holmes) and Comet 1889-96 ( Brooks-Javelle) , 
and possibly by the meagerness of carbon in meteorites. 
The four comet spectra which I have thus far been able to 

photograph, viz., 

1893 II (Rordame), 

1894 II (Gale), 

1895 IV (Perrine), 

1896 I (Perrine), 


have been identical so far as the different intensities of the four 
permitted comparison. All were parabolic comets. 


NOVA AURIG#. 


Occasional observations for the magnitude of the new star 
of 1892 in Auriga have been made. No change in brightness 
has been recorded since 1892. 

In Vol. I., No. 1, of this Journat I called attention to the 
remarkable changes going on in this star’s spectrum. It was 
shown that the bright lines 44360 and 45750 which were very 
bright in August 1892 had become very faint in 1894. No 
photographs have been secured since November 1894, but visual 
observations show that the change in the line 45750 has been 
progressive. The observed intensities of six of the principal 
bright lines have been as follows: 


Hy A4360 HB | A4960 | Asoro As750 
1892 August and September...... 0.1 0.8 I 3 10 I 
0.1 0.3 I 3 10 0.4 
1894 September 7... .... 0.1 0.2 I 3 10 0.4 
1894 November 28 ............. 0.1 0.1 I » 3 10 0.3 


At the date of the last observation the line A<750 was diffi- 
cult to see at all. 
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It is especially significant that the lines 44360 and A5750 
should be the ones to change. The first measures of the spec- 
trum in August 1892 showed unmistakably that it was the spec- 
trum of a nebula. At first, however, the lines 44360 and A5750 
did not seem to exist in the oldnebula. But photographs of their 
spectra at once showed the line A 4360 in five well-known nebulz, 
and visual observations showed the line 45750 in three nebulz. 
These lines were strong in the Nova, but relatively faint in the 
old nebulae. They have now become relatively faint, in fact 
practically invisible, in the Mova. The spectrum of the new 
star has lost its anomalies: it is now of the ordinary type of 
nebular spectrum, save that the lines remain broad, as they have 
always been described. 

As my apparatus has been arranged, it has not been con- 
venient to re-measure the wave-lengths of the principal nebular 
lines since November 1894. The last few measures secured were 
made with a dense 60° flint prism and magnifying power 26—a 
combination much preferable to the grating and low power 
employed in the earlier measures. 

While the spectroscopic observations of Nova Aurigeé show it 
to be “uly nebular, there has been a question as to whether the 
nebulosity is actually visible in the focal image of a telescope. 

When the reappearance of the Vova was observed on August 
17, 1892 by Messrs. Holden, Schaberle and Campbell, ‘‘all the 
observers agreed that its appearance was different from that of 
other stars of the same magnitude.”’* Later Professor Barnard 
announced? that the object was “really a small bright nebula 
with a magnitude nucleus.... . With the micrometer 
the nebulosity was found to be 3” in diameter—a fainter nebu- 
losity still surrounded this and was perhaps }’ in diameter.”’ 

Mr. Newall suggested? that the nebulous appearance was not 
real, but was due to the chromatic aberration of the object-glass, 
and that the image was truly stellar. This suggestion was 

*A.and A., 11,715. 

2A. and A., 11, 751. 

3Nature, 46, 489. 
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repeated and carefully elaborated by Professor Vogel.* Dr. 
Huggins,’ observing with a reflecting telescope, which is free 
from chromatic aberration, saw the image as a stellar point. 

The focal image of the Nova in the 36-inch telescope cer- 
tainly looked substantially as Professor Barnard described it. 
But further consideration of the problem, together with actual 
experiments on the Nova and on the Wolf-Rayet star + 30° 3639,4 
soon convinced me that the 36-inch telescope, with its strong 
chromatic aberration, was not suitable for deciding this question 
definitely. For if any one of the numerous monochromatic 
images were brought into focus, all the others would be out of 
focus, and would combine to form a halo surrounding the cen- 
tral image. The yellow image at A5750, so long as it remained 
bright, augmented the difficulty. 

I therefore determined to estimate the diameter of the Nova 
by observing the width of its spectrum. Observations for that 
purpose were made in the fall of 1893 and of 1894. The rather 
coarse micrometer wire was placed lengthwise of the spectrum, 
and its width was such as just to occult the principal nebular 
line when the atmospheric conditions were fair. From the 
known width of the wire and the proportions of the spectro- 
scope and telescope, the angular width of the wire was com- 
puted to be 1} seconds of arc. On none of the nights utilized 
was the seeing perfect; but I attempted to eliminate the effect 
of imperfect seeing by observing, in the same manner, the con- 
tinuous spectrum of a star so selected that its spectrum at A5OI0 
and the principal nebular line would be of about equal intensi- 
ties. In every case the two spectra were practically of the same 
width, thereby indicating that the focal image of Nova Aurige@ 1s 
stellar. At the same time it must not be forgotten that Move 
Aurigé is a true nebula: the spectroscopic evidence is indispu- 
table. 


*Uber den neuen Stern im Fuhrmann, Berlin, 1893. 

2A. and A., 13, 314-315. 

34, and A., 12, 419. 

4 This star has a hydrogen atmosphere, 5” in diameter. A. and A., 13, 461. 
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The publication of these observations of the Nova has been 
unduly delayed —at first from a desire to repeat them on a first- 
class night, and later by the hope that the 36-inch Crossley 
reflector would be available for repeating them. As soon as the 
reflector is available I shall endeavor to get its testimony on this 
interesting question. 

LicK OBSERVATORY, 


UNIVERSITY OF CALIFORNIA, 
March 3, 1897. 
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ON THE SPECTRUM OF HYDROGEN. 


By H. KAYSER. 


In the Harvard College Observatory Circular No. 16 1 see 
that Professor Pickering has come to the conclusion that the 
lines he discovered in the spectrum of ¢ Puppis belong to hydro- 
gen, because he is able to represent the old hydrogen series and 
the new lines by one formula as a single series. This possibility 
shows better than anything else could do the correctness of my 
former statement, that the old hydrogen series and the new one 
end at nearly the same point. But I am sure that the repre- 
sentation of the two series as a single one is incorrect. My 
arguments are the following: 


1. The analogy with all the other elements, which have two 
series ending at the same point in the spectrum. 

2. The different appearance of the lines of the two series ; 
in every true series the lines have the same character, and 
become fainter as the shorter wave-lengths are approached. — 

3. The different conditions of appearance; this difference is 
so great, that we are hitherto unable to produce the second 
series. 

4. For all the elements the second constant in our formula 


x = A —Bn* — Cn* has nearly the same value, so nearly indeed, 


that Rydberg believed the value to be exactly the same. But if 
we unite the two hydrogen series, then this constant has for 
hydrogen a value four times greater than for any of the other 
elements. 

All these arguments seem to show conclusively that we must 
assume two series in the spectrum of hydrogen; it then corre- 
sponds admirably with the other elements. 


BoNnN, February 2, 1897. 
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THE CAUSE OF THE DARKNESS OF SUN-SPOTS. 
By J. EVERSHED. 


THE most generally received doctrine as to the constitution 
of the Sun is probably that in which the entire internal mass of 
that body is regarded as being in a gaseous condition; the tem- 
perature, below the photospheric layer, being above the critical 
point of all known substances. The low mean density is 
accounted for by supposing that the temperature increases rap- 
idly with the depth below the surface, the expansive energy of 
the internal gaseous nucleus largely counteracting the enormous 
force of compression due to gravity. 

It appears to be pretty generally admitted, too, by recent 
writers, that the photosphere is a surface of condensation; a 
region, exposed to the cold of space, where elements of high 
boiling point, such as those of the carbon group, are precipitating 
from the gaseous state and forming clouds of highly emissive 
solid or liquid particles. 

I propose in this paper to discuss the question as to the 
cause of the relative darkness of Sun-spots on the basis of these 
fundamental ideas, and with special reference to the recent work 
of W. E. Wilson on the ‘‘ Thermal Radiation of Sun-spots.”’ 

Most spot theories in vogue at the present time attribute the 
blackness of spots to masses of relatively cool vaporous material 
which absorbs the intense light of the underlying photosphere. 
Thus in Secchi’s theory a spot is regarded as a kind of sink in 
the photosphere, into which the materials which have been 
erupted in the neighborhood are settling down again into the 
body of the Sun, forming a great cloud of cool absorbing vapors. 
Faye believes spots to be vortices set up by the relative drift of 
adjacent portions of the photosphere, the dark absorbing material 
accumulating in the vortex by reason of the indraught. Oppol- 
zer likens a spot to a disturbed region in our atmosphere in 
which great contrasts of temperature arise; and he explains the 
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obscurity in the same way as a result of increased absorption by 
relatively cool vapors. 

Many other theories have been proposed in which absorption 
is regarded as the principal factor in causing the darkness, and 
the evidence afforded by the spectroscope seems always to have 
been taken as practically demonstrating the truth of this 
hypothesis. 

But absorption as ordinarily understood is in many respects 
very difficult to reconcile with the common features of spot 
formation. The well-defined structure and abrupt transitions in 
| passing from photosphere to penumbra, and from penumbra to 
umbra, points rather to the absence of the bright photospheric 
| clouds from the spot, than to their suppression beneath a mass 
| of absorbing material; and seems much more suggestive of an 
actual rent in the photospheric layer through which a less lumi- 


nous region is revealed. 

| Quite recently in a paper on the ‘‘ Level of Sun-spots,”’* read 
before the British Astronomical Association, Mr. Maunder argues 
that absorption can have but little effect in causing the spot 
darkness, for whether the spot be regarded as a depression or an 
elevation compared with the photosphere, the obscuring effect 
of an absorbing layer would be vastly increased when near the 
Sun’s limb as compared with its effect at the center of the disk, 
owing to the foreshortening ; and the greater the area of the 
spot the more noticeable would this become, so that in many 
cases the entire spot would appear as black as the umbra when 
near the limb. As this is not the case at all, the conclusion is 
drawn that diminished radiation rather than increased absorption 
is mainly operative in a spot. 

In the same paper Mr. Maunder suggests that a spot may 
be regarded as a region of high temperature in which the con- 
densation of highly incandescent carbon does not take place to 
the same extent as in the photosphere, the diminished radiation 
being due to the relatively low emissive power of the gaseous 
contents of the spot; just as in an ordinary gas burner the pre- 


‘Jour. B. A. A., No. 3. 
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cipitation of solid carbon produces a bright luminosity, whilst 
the purely gaseous portion of the flame glows but feebly. 

This explanation of spot darkness certainly harmonizes very 
well with the observed structure of spots and with many of the 
attendant phenomena, such as the great brilliancy of the facu- 
lous bridges and the surrounding faculous region; the intensifi- 
cation of the H and K lines and frequently of the hydrogen 
lines over the entire spot region; all of which suggest that a 
spot is really a center of relatively high temperature. 

Unfortunately it is open to a very serious objection when we 
consider the application of Kirchhoff’s law to solar conditions. 
For suppose we liken a spot to a non-luminous Bunsen flame, or 
better, to a pure hydrogen flame burning in air, and a bright 
facula bridging the spot to a platinum wire held in the flame. 
The analogy would at first sight appear to be a very striking one, 
the hydrogen flame emitting a very feeble continuous spectrum 
and the glowing solid a very brilliant one, although no hotter 
than the flame. But yet according to Kirchhoff’s law the feeble 
emissive power of the gas is exactly compensated by its feeble 
absorptive power, so that if we were to increase the thickness 
of the non-luminous flame indefinitely the brightness would 
increase, until finally, it would equal that of the glowing solid ; 
even that of a theoretically ‘‘black”’ solid which has the highest 
emissive power. This condition would be reached when the 
radiating gas was of such thickness as to be entirely opaque to 
transmitted light.’ 

In the case of the Sun-spot, therefore, we should expect that 
the immense and practically unlimited depth of the interior gases 
would compensate for their relatively feeble radiating power, 
even if we took no account of the much higher temperature and 
high state of compression of the interior regions. There seems 
to be no escape from this difficulty, even if we imagine the 
interior of the Sun to be absolutely non-luminous, for then, 

*The cumulative effect of a great thickness of radiating gas can easily be shown 
with a row of Bunsen flames such as are used in tube furnaces. If these are observed 


“end on” the brightness is seen to increase in proportion to the number of flames, or 
very nearly so. 


| 
| 
| 
a 


DARKNESS OF SUN-SPOTS 247 


according to Kirchhoff, it will also be absolutely transparent, 
and the photosphere on the opposite side would be seen through 
the spot opening. 

Again, if the internal gases are so compressed as to be prac- 
tically opaque like solids, then they must radiate like solids, they 
cannot continue to accumulate the energy acquired by absorp- 
tion indefinitely. Thus we seem driven back again to some 
modification of the absorption hypothesis, unless we find that 
the ordinary laws of heat exchange are not applicable under 
solar conditions. 

The structural characteristics of spots might perhaps be 
explained on the absorption hypothesis by supposing that the 
cooled absorbing material was situated at a considerable depth, 
being partly overlaid and encroached upon by the photosphere, 
the spot opening being at the same time filled up with dark 
material; and it would be natural to suppose this absorbing 
material to be the same as that which everywhere covers the Sun, 
producing the absorption at the limb, and giving rise to the mot- 
tled appearance of the disk due to variations in level of the pho- 
tospheric clouds in this smoke-like veil. Thus there would be 
no real distinction to be drawn between a well-developed spot 
and the minute pores and interspaces between the photospheric 
clouds. It will be shown later, however, that there is a very 
marked difference in the character of the spot darkening and the 
general shading at the limb. It is clear that if a spot is really 
an accumulation of absorbing vapors it must be cooler than the 
photosphere, whilst if on the other hand, it is an opening where 
the photospheric clouds have been evaporated, we must regard it 
as being as hot as or hotter than the surrounding region. Evi- 
dence in support of the absorption hypothesis has been fre- 
quently derived from the widened lines seen in spot spectra, 
which are supposed to indicate a lower temperature in the 
absorbing gases. But the widening is at the most very slight; 
a proportionally slight increase in the depth of the gases con- 
cerned will equally well account for it. Furthermore, only a 
very small proportion of the lines in the spectrum are widened 
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or intensified ; probably many others are weakened, or suppressed 
altogether even when they do not appear as dright lines. It has 
not, perhaps, been sufficiently realized that a large proportion of 
the light we are dealing with in the spectrum of a dark nucleus 
is not derived from the spot at all, but is simply photospheric 
light reflected from the sky; the contrast between the umbra 
and the sky illumination outside the limb being in many cases 
almost inappreciable. Thus the majority of the Fraunhofer 
lines in the umbral spectrum may be spurious lines; could we 
remove our atmosphere and wholly isolate the umbral light, it is 
quite possible that the spectrum would be found to be, in the 
main, an emission spectrum. 

However this may be, the widened lines are evidently not a 
satisfactory criterion as to the relative temperature of spots and 
photosphere, and the slight extra amount of gaseous absorption 
implied by their presence can have practically no effect on the 
darkness of spots. This is obviously due to the general darken- 
ing, which is apparently continuous all along the visible spectrum, 
and may or may not be the result of absorption. The resolution 
of a portion of the spot band by Professor Young into innumer- 
able closely crowded dark lines with occasional bright intervals," 
would seem to point to absorption, but absorption by gaseous 
rather than solid or liquid matter. 

In the opinion of the writer, no satisfactory explanation of 
spot darkness is likely to be arrived at until the spot band itself 
has received the closest investigation, both in the visible and 
invisible regions of the spectrum, particularly with regard to the 
relative intensity and character of the band and quite apart from 
the question of widened lines or bright lines, which can only give 
information as to the condition of the gases in the overlying 
reversing layer and chromosphere, and which taken all together 
can have but little influence on the general radiation of the spot. 


THE THERMAL VALUE OF THE SPOT RADIATION. 
The measurements of total radiation from spots by Langley, 


*YOUNG, Zhe Sun, 4th ed., p. 323. 
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using a bolometer, and recently by W. E. Wilson with a radio- 
micrometer, do not give any direct information as to the relative 
temperatures of photosphere and spots; the relative emissive 
powers being unknown, Indirectly, however, they would seem 
to afford a clew. 

In the thermal measuring apparatus the blackened receiving 
surface may be supposed to absorb indiscriminately all the radi- 
ant energy falling upon it, whatever the wave-length, that is, the 
whole range of wave-lengths, including of course the visible rays. 
Thus the measurements sum up the energy in the entire spec- 
trum, and show, as it were, the average darkness of the spot band 
when the whole spectrum is taken into account. 

The results show that a spot is very much less dark measured 
thermally than visually. Thespot band is, therefore, much 
darker in the visible region of the spectrum than it is in other 
regions; where, it would seem, it may even be reversed. This 
fact is the more striking, when we consider that in ordinary 
sunlight the rays which possess the maximum heating power are 
those about the middle of the visible spectrum, so that one would 
expect, @ priori, to find a practical agreement between thermal 
and photometric estimates of the darkness. 

Referring to Mr. Wilson’s paper (Monthly Notices, Vol. LV, 
No. 8), the monthly mean values of the umbral radiation are 
found to vary from .35 to over .50; that of the photosphere 
at the center of the disk being 1.00. The photosphere radiation, 
however, rapidly diminishes from the center towards the limb 
where it becomes .45, whilst the spot radiation remains nearly 
constant in all positions on the disk. Thus the ratio between 
the radiation of the spot and that of the neighboring photosphere 
approaches unity as the spot nears the limb. The highest value 
of this ratio recorded by Mr. Wilson is .83, but both Langley and 
Frost have measured spots in which the thermal intensity even 
exceeded that of the surrounding photosphere. 

With regard to the visible radiation of spots, it is quite obvi- 
ous from ordinary telescopic observation that the umbra of a 
normal spot does not emit more than a very small fraction of 
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the light of the photosphere, even of the neighboring photo- 
sphere, when the spot is near the limb. To make sure of this 
point the writer has roughly estimated the relative darkness of a 
spot by means of an Abney photometer, so arranged as to reduce 
the light of any portion of the photosphere by any known amount 
The results obtained show that the penumbra of an ordinary spot 
is not more than one-third or one-fourth as bright as the photo- 
sphere; whilst the umbra itself is probably in most cases less 
than one-twentieth. 

The apparatus being incapable of measuring small fractions, 
this latter value is probably an upper limit, the intensity may 
have any value less than that ; many spots must indeed be at 
least a hundred times less bright than the neighboring photo- 
sphere at the limb, for in this position the dark umbra often 
presents the illusion of a piece cut out of the limb; proving 
that no more light comes from the spot than from the sky 
outside. Perhaps the average spot nucleus is not however quite 
so dark as this, for during partial solar eclipses spots are said to 
appear lighter in tint than the black disk of the Moon. 

But whatever may be the true photometric value of the spot 
darkness the discrepancy between thermal and visual estimates 
is evidently very marked, and it would be of great interest to 
determine in what region of the spot spectrum the extra energy 
is to be found, which is shown by the relatively high thermal 
value of the radiation. Does the spot band become less dark 
or even reversed, in the infra-red or in the ultra-violet ? 

The question of the relative temperature of spots and photo- 
sphere must largely depend on the position in the spectrum of 
this region of maximum intensity. For suppose we admit that 
the whole of the Sun’s interior below the photosphere behaves like 
an opaque solid as regards radiation. The emission spectrum 
will be a continuous one ; but the distribution of energy in the 
spectrum will not be uniform. The wave-length of the rays of 
greatest intensity will depend on the temperature, the wave- 
length decreasing with increase of temperature according to a 
well-established law of radiating solids. Now the temperature 
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of the photosphere is such as to give, according to Langley, a 
maximum inthe visible spectrum. But deep down in the interior 
the temperature must be enormously higher and the wave-length 
of maximum energy from that region must be shifted far into 
the ultra-violet. 

If then in a spot we have a glimpse of the interior intensely 
hot regions below the photosphere we should expect to find the 
spot spectrum brighter (or less dark) in the ultra-violet. But if 
relatively cool absorbing vapors are the principal cause of spot 
darkness, then the maximum should be found in the infra-red ; 
not a true emission maximum perhaps, but a part of the spectrum 
where the absorption has less influence than in the visible 
spectrum. 

There is one point which would seem to be definitely settled 
by the thermal measures. It has been previously mentioned 
that the spot darkness and the general shading at the limb are 
different in character. This results from a comparison between 
the thermal and visual estimates of the darkening in the two 
cases. Inthe limb absorption the discordance between these 
measures is not greater than would be the case assuming it is 
due to a smoke-like layer which absorbs the blue rays more 
completely than the red and yellow, which in sunlight have the 
greater heating power, a feature too that is well brought out 
by Vogel’s detailed measures made in different colors. But 
the spot darkness is evidently of a different character, the 
thermal intensity being extraordinarily high, and it is certainly 
not possible to explain it by assuming a greater thickness of the 
same absorbing material. 

For supposing we reject Langley’s and Frost’s measures of 
abnormal spots giving a higher thermal intensity than the photo- 
sphere and consider Wilson’s average result, namely .75 at .95 
from the Sun’s center, to be an overestimate. If a spot near 
the limb gave only .66 of the thermal effect of the surrounding 
photosphere, then, assuming the darkening of spot and limb to 
be only a question of degree, this would imply in the spot a 34 
per cent. absorbing layer added to that which gives the general 
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absorption. But a layer which absorbs 34 per cent. of general 
radiation (heat) will absorb 46 per cent of light’ if it is of the 
same material which covers the photosphere, leaving .54 as the 
photometric value of the umbra compared with the adjacent 
photosphere, or about .25 compared with the center of the disk ; 
values which are evidently quite inadmissible, for large spots 
near the limb often appear as dark as the sky, their intrinsic 
light being only a minute fraction of that of the surrounding 
region. 

A possible clue as to spot darkness has occurred to the writer 
which does not necessitate absorption and still does not violate 
the ordinary laws of heat exchange. The temperature gradient 
in the Sun is not known, but it is believed that the temperature 
near the surface must increase very rapidly with the depth. 
According to Oppolzer this increase must be at least 6000° C. 
for each second of arc (see Astronomy and Astrophysics, Oct. 1893, 
p- 739). A few thousand miles below the photosphere therefore 
the temperature must enormously transcend that of the Sun’s 
visible surface. Is it possible that the radiation from this incon- 
ceivably hot interior region takes place in wave frequencies of a 
higher order altogether than that of the photosphere ?— the 
visible radiations being relatively feeble. 

This assumes that in a radiating body at high temperature 
the intensity of the longest waves tends to diminish with increase 
of temperature. That is, as the radiations of maximum energy 
move up the spectrum with increasing temperature, the actual 
as well as relative intensity in the lower region of the spectrum 
must be supposed to diminish. 

In a general way the shifting of the maximum intensity 
towards the violet with increase of temperature may be said to 
be confirmed by star spectra. It is well known that the photo- 
graphic magnitudes of many stars do not correspond with the 
visual magnitudes. Thus the first type stars are photographi- 


‘Compare the tables of absorption given by Wilson and Rambaut: ‘ The 
Absorption of Heat in the Solar Atmosphere” (Proc. Royal Jrish Acad., 3d series, 
Vol. II, No. 2), and Young, 7he Sum, 4th ed. p. 247. 
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cally brighter than solar stars of the same visual magnitude, that 
is the blue and violet in the spectrum of the hotter stars is rela- 
tively brighter than the yellow and red. 

Whether the red rays are really less bright in the Sirian stars 
than would be the case if the temperature were reduced to that 
of the solar stars, it is not possible to say. Langley has found 
however, that very far down in the normal solar spectrum the 
intensity is very much less than might have been expected. 
He found it easier, in fact, to detect these long waves in the 
spectrum emitted by a copper vessel filled with boiling water, 
and even in the rays of the Moon when its surface has become 
slightly warmed by the Sun.' 

It would seem not impossible therefore that in the radiation 
of a Sun-spot this relatively feeble part of the spectrum has crept 
up into the shorter visible wave-lengths, following the rays of 
greatest energy which have traveled far up into the ultra-violet. 
It is true that if this be the real explanation of spot darkness 
the total radiation of the umbra should greatly exceed that of 
the photosphere, whereas according to Wilson’s measures it is 
never even equal to it. It is probable, however, that the bulk 
of the energy would be absorbed by the Earth’s atmosphere, 
which is a far more efficient screen for the ultra-violet rays than 
for visible light. It would seem too, that some of the energy 
does not assume the form of heat on reaching the Earth, but is 
effective in producing those magnetic disturbances which are 
characteristic of large umbrz. 

But as the writer has already. pointed out, a little further 
research into the character of the spot band in the invisible 
reaches of the spectrum would doubtless throw much light on 
the question, even if it did not at once demolish the above 
somewhat speculative theory. 


™S. P. LANGLEY, “ The Solar and Lunar Spectrum” Mem. Nat. Acad. Sct., Vol. 1V, 
Part. I. 
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THE YERKES OBSERVATORY OF THE UNIVERSITY 
OF CHICAGO. 


Il. THE BUILDING AND MINOR INSTRUMENTS. 
By GEORGE E. HALE. 


REFERENCE has already been made to the plan of work pre- 
pared for the Yerkes Observatory in 1892." This choice of 
subjects for investigation followed naturally and simply from a 
consideration of the special advantages of the forty-inch tele- 
scope, the principal instrument of the Observatory. These 
advantages are: (1) high resolving power, adapting it for obser- 
vations of double stars, and minute detail in the surface markings 
of the Sun, Moon, planets, and satellites; (2) great light-gath- 
ering power, making possible spectroscopic studies of faint stars, 
and micrometric and photometric observations of faint satellites, 
stars, and nebule, variable stars at times of minimum brightness, 
and comets long after perihelion passage; (3) great focal 
length, giving large images in the principal focal plane of the 
Sun, planets, and planetary nebule, admirably suited for spectro- 
scopic work. It was decided that in order to derive the great- 
est possible return from the use of the great telescope, full 
provision should be made for carrying on investigations in these 
various fields of work. The greater part of these observations 
being of an astrophysical character, it became necessary to 
provide the Observatory with laboratories equipped for the 
numerous researches of a physical nature required for their 
interpretation. 

There was another reason, no less important than those 
already mentioned, for emphasizing the astrophysical side of the 
Observatory’s work. Although important astrophysical observa- 
tories existed at that time in France and Germany, and provision 
had been made for astrophysical work in the national observa- 
tories of England and Russia, there was no observatory in North 


*See a previous article in this series, Af. J. 5, 164, March 1897. 
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America which was completely equipped for such investigations. 
The Allegheny Observatory probably represented more nearly 
than any other such a union of astronomy and physics as an 
astrophysical observatory implies; but in the absence of a large 
equipment and staff, the successive Directors, Professors Langley 
and Keeler, had necessarily confined their very successful work 
to investigations which could’ be carried on without the aid of 
large instruments. At the Harvard and Lick Observatories, 
where so many important researches had been made on the 
astronomical side of the subject, laboratories provided with the 
means. necessary for attacking the more distinctly physical prob- 
lems involved were lacking. On the other hand, such spectro- 
scopic laboratories as that of Johns Hopkins University were 
unable, for lack of instrumental means, to carry their funda- 
mentally important researches beyond the artificial boundaries 
of physics into the realm of astronomy. At the Smithsonian 
Institution Professor Langley had mounted in temporary quarters 
the apparatus used in his important bolometric researches, but 
Congress had not seen fit to provide funds for establishing on a 
proper scale a national astrophysical observatory.* In short, in 
spite of the wealth of observatories and laboratories in the 
United States, and the numerous contributions to astrophysics of 
Rutherford, Draper, Young, Pickering, Langley, Rowland, Keeler, 
Michelson, Hastings, and many others, there was yet to be 
founded an observatory which should adequately represent both 
the astronomical and physical sides of astrophysical work, at the 
same time providing the necessary facilities for research work in 
astronomy of position. It was therefore felt that an attempt 
should be made to meet this need, as adequately as circumstances 
would permit. 

For instrumental equipment there was in the first place the 
forty-inch telescope, for which Mr. Yerkes had ordered a filar 
micrometer from Warner & Swasey, and a stellar spectrograph 
from Brashear; and in addition to this the instruments of the 


‘It is greatly to be hoped that Professor Langley’s plans for creating such an 
observatory will soon be realized. 
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Kenwood Observatory, consisting of a twelve-inch refractor, 
fitted with both visual and photographic objectives, a spectro- 
heliograph, and other attachments; a four-inch concave grating 
of ten feet focus, with complete mounting; and a collection of 
minor apparatus, including clocks, spectroscopes, gratings, 
prisms, etc. It was decided that there should be added as soon 
as possible a sixteen-inch refractor for micrometric work; a large 
heliostat with various accessory apparatus; a transit instrument, 
and subsequently a meridian circle; a large spectroheliograph 
and a solar spectroscope for the forty-inch equatorial; and a 
collection of instruments for laboratory work, including special 
spectroscopes, refractometers or ‘‘wave-comparers,”’ and bolo- 
metric apparatus. 

An attempt was then made to design a building which should 
meet as many as possible of the conditions imposed by the 
observations to be made with these various instruments. 

Work on the plans was not begun until nearly all of the 
important observatories and spectroscopic laboratories of the 
United States and Europe had been visited and studied. Ideas 
were freely borrowed from these institutions, particularly from 
the Lick Observatory and the Astrophysical Observatory at 
Potsdam. The preliminary plans were completed at Berlin in 
February 1894, and despatched to the University architect, Mr 
Henry Ives Cobb of Chicago, who followed out the details with 
great care and success, sacrificing none of the scientific require- 
ments for architectural effect." Full credit for the architectural 
design is due to Mr. Cobb, as the writer is responsible only for 
the general form of the building, and for the interior arrange- 
ment only so far as this is determined by the requirements of 
the Observatory’s work. Owing to the fact that The University 
did not come into possession of the property at Lake Geneva 
until late in the autumn of 1894, the work of construction could 
not be undertaken before the following spring. The interven 

‘This may not prove to be the case in the meridian room, which had been planned 


as a light iron skeleton, with double sheet-iron walls and intervening air space. The 
addition of the terra-cotta cornice will not tend to improve the conditions required for 


the best work. 
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ing time was spent in perfecting the plans, which were much 
improved as a result of further study and the adoption of impor- 
tant suggestions kindly offered by various men of science, to 
whom the thanks of the Observatory are due. They were finally 
completed in February 1895, and the first excavations for the 
building were made in April of the same year. The work of 
construction was carried on-with various interruptions through 
the two succeeding years, and is now (March 1897) nearly 
completed. The Observatory has been occupied by the present 
members of the staff since October 1896. 

As will be seen from an inspection of the plans (Plates IX 
and X) the form of the building is that of a Latin cross, with 
three towers and a meridian room at the extremities. This 
form suggested itself as one permitting the various domes 
to be well separated, at the same time providing sufficient space 
for the laboratories and other rooms between the towers. The 
long axis of the building lies on an east and west line, and is 
326 feet in length. The large tower at the western extremity, 
which contains the forty-inch telescope, is ninety-two feet in 


diameter. This tower, together with the large telescope, dome 


and rising-floor, will be described in a subsequent paper. For 
the present attention will be confined to the other parts of the 
Observatory. 

An examination of the accompanying illustrations will show 
that Mr. Cobb has worked out the design in the Romanesque 
style, with somewhat Saracenic details recalling the Church and 
Monastery of Monreale. The north and south entrances (Plate 
XI), which lead into the central rotunda (Plate XII), are in all 
respects precisely similar. The building is constructed of brown 
Roman brick, with terra-cotta ornaments of the samecolor. That 
portion which lies between the three towers is two stories high, 
with an attic above. The small towers are carried up toa greater 
height, in order that the large dome may not obstruct too much 
of the western sky in observations with the small telescopes. 
Balconies are provided on all the towers, with doors at the car- 
dinal points leading out from the observing rooms. The astron- 
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omer is thus enabled to command an unobstructed view of the 
sky at any time while observing. 


NORTHEAST TOWER.” 


The northeast tower, thirty feet in diameter, is surmounted 
by the dome which was formerly a part of the Kenwood Observ- 
atory. This dome was built by Warner & Swasey in 1890. The 
running gear is on the familiar “‘live-ring’”’ plan, the circular cast 
iron ring, from which the dome girders spring, resting on the 
central wheels in fourteen groups of three; the two outer wheels 
of each group roll on a circular iron track bolted to the stone 
coping which caps the brick wall of the tower. The groups of 
wheels are connected together with iron rods, which maintain 
them at constant positions in the ring. Lateral guide wheels 
prevent displacement in a horizontal plane. The dome is revolved 
by means of an endless wire rope, which passes around a ring of 
angle iron supported just inside of the upper track, and is brought 
down over guide wheels to a grooved wheel mounted in a recess 
cut in the south wall of the tower. This wheel is turned by 
means of an endless rope, hanging in the wall recess within easy 
‘reach from the floor of the observing room. The dome is covered 
with steel plates, bent to form and riveted to the light iron gir- 
ders and to each other where they overlap. The observing slit, 
three feet wide, can be closed by means of a double shutter, the 
halves of which are moved on tracks at top and bottom by racks 
and pinions, controlled by a wire rope. 

Under this dome is mounted the twelve-inch telescope which 
was formerly at the Kenwood Observatory in Chicago (Plate XIV). 
The solid brick pier which carries it is in form a frustum of a 
cone rising from a heavy concrete foundation. The mounting 
was constructed by Warner & Swasey in 1890, and served admira- 
bly for work with the large spectroheliograph of the Kenwood 
Observatory. It is unnecessary to more than briefly refer to it 
here. Two twelve-inch objectives by Brashear are provided. 


™ This tower, together with the meridian room and heliostat shutter, are shown in 
Plate XIII. The small dome has not yet received its final coat of paint. 
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For observations with the micrometer only the visual objective 
is employed, in the usual position at the end of the tube. When 
it is desired to transform the instrument into a photoheliograph, 
the photographic objective, mounted in a short tube, is attached 
to a stout side bracket at the upper end of the steel tube of the 
telescope. A specially designed rotating shutter, driven by an 
electric motor, is then clamped to a corresponding bracket at the 
eye-end, which also carries an enlarging camera. With this 
arrangement, which will be described more in detail elsewhere, 
the solar image can be photographed in the focal plane of the 
objective, or, by the aid of a suitable amplifying lens, enlarged 
to any scale desired. Means are provided for attaching to the 
telescope the Kenwood spectroheliograph, which has lately been 
remodeled in the instrument shop; the stellar spectrograph of 
the forty-inch telescope; a ten-inch objective grating;* and 
several small grating, prism and direct-vision spectroscopes. 


SOUTHEAST TOWER. 


The southeast tower is intended for a sixteen-inch tele- 
scope, mounted under a dome thirty feet in diameter. This 
dome has not yet been erected. 


MERIDIAN ROOM.’ 


This is constructed on the general plan of the meridian room 
of the Royal Observatory at Berlin, with double sheet-iron walls 
and intervening air space, provided with suitable means of ven- 
tilation. The room is twenty-eight feet long (exclusive of the 
projections containing the collimator piers), twenty-five feet wide 
and twenty feet high. The observing slit is three feet wide, and 
is covered with a counterbalanced shutter, the sections of which 
can be easily opened and closed by the aid of small windlasses. 
A massive brick pier upon a broad foundation of concrete has 
been built for a meridian circle, and collimator piers have also 
been provided. For some time to come a transit instrument 


*See this JOURNAL, 4, 75, 1896. 
2 See Plate XIII. 
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will be used in this room, on a smaller brick pier built in the 
center of the large pier; but it is intended that this shall sub- 
sequently give place to a large meridian circle. The architect 
has relieved the bareness of the outer sheet-iron walls by the use 
of a row of columns supporting a rich terra-cotta cornice. 


HELIOSTAT ROOM. 


An important feature of the Observatory is the heliostat room, 
which occupies the whole of that portion of the attic floor which 
lies between the two small towers, a space 104 feet long and 
twelve feet wide. Twenty-four feet from its northern extremity 
it is crossed by a double partition, in which are suitable openings 
for admitting the sunlight. The heliostat (Plate XV) stands on a 
large brick pier, which rises from the ground at the north end of 
theroom. The iron roof which ordinarily covers it can be pushed 
away to the south, as it is mounted on wheels rolling on steel 
rails. It is easily moved by means of a windlass. When the 
roof is fully withdrawn, the heliostat mirror can receive the rays 
of the Sun when at its greatest southern declination. That part 
of the heliostat room which lies south of the double partition is 
shown in Plate XVI.‘ The walls and ceiling of this laboratory are 
of sheet-iron, separated from the brick walls and tile roof by an 
air space. In winter the laboratory is heated by indirect radia- 
tion from steam coils in the corners of the unfinished attic rooms. 
Arrangements are made by which the heated air can be thor- 
oughly dried over unslaked lime as it enters the room, thus greatly 
facilitating work with rock salt prisms or lenses. The heliostat 
room contains four piers, the outlines of which are indicated in 
the plan. Each of these is supported by two separate piers, 
standing on opposite sides of the hall below, and bound together 
at the level of the first and second floors with heavy I-beams. 
The two northern piers are connected to each other and to the 

* When the photograph reproduced in this plate was taken the apparatus described 
below had not been set up in the heliostat room. The instrument shown is a large 


spectroscope, temporarily mounted for the purpose of testing Abney’s method of 
photographing the Sun in monochromatic light. 
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heliostat pier with three 15-inch I-beams, which form the essen- 
tial part of the long pier shown in the plan. All of the piers 
have smooth slate tops. 

The instruments outlined in the plan of the heliostat room 
are those used by the writer in his attempts to map the solar 
corona without an eclipse by the aid of a bolometer. Sunlight 
is reflected from the heliostat mirror to a silvered concave 
mirror of twenty-four inches aperture and sixty-one feet focal 
length, made for these experiments by Mr. G. W. Ritchey, opti- 
cian of the Observatory. The mirror forms an image of the 
Sun nearly seven inches in diameter in a large cast-iron drum. 
The sunlight passes through the drum without touching it, and 
falls upon an amplifier, which forms an enlarged image on a 
screen. The bolometer is mounted in a radial slot in the drum. 
The inner member of the pair can be set at any desired distance 
from the Sun’s limb and, by rotating the drum, at any position 
angle. The outer member is supported at right angles to the 
inner radial member, and its distance from the limb is constant. 
An assistant maintains the solar image at a fixed position on the 
screen by means of the slow motions of the heliostat, and rotates 
the drum at a signal from the observer, who watches the scale of 
an extremely sensitive reflecting galvanometer with a tele- 
scope. It is desired to determine whether any differences in 
the heat radiation of the corona can be detected at different 
position angles. The heliostat at present employed has been 
loaned to the Observatory by Professor Keeler until the one which 
is being constructed in our instrument shop is completed. Its 
mirror has an aperture of seventeen inches. The new heliostat 
is to have a mirror of twenty-four inches aperture, which is now 
being figured in our optical laboratory. The new instrument is 
designed to combine the functions of heliostat and coelostat, in 
the latter case a second fixed mirror being used with it. 

A galvanometer room, provided with a heavy slate shelf to 
support the instrument, immediately adjoins the heliostat room 
on the east. The large attic rooms to the west are so arranged 
that they can also be used in conjunction with the heliostat room. 
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The entire distance (175 feet) between the heliostat room and 
the wall of the great tower is available for use with apparatus 
containing mirrors or lenses of great focal length, etc. 


SPECTROSCOPIC LABORATORIES. 


The main floor of the building is divided into offices, com- 
puting rooms, spectroscopic laboratories, chemical laboratory, 
instrument rooms, developing room, lecture room, library and 
reception room. The purpose of each room is indicated on the 
plan. 

The spectroscopic laboratories (Plate XVII) are provided 
with solid brick piers on concrete foundations, which are 
arranged with reference to each other and to the doors and 
windows so that the instruments mounted upon them can be 
used together, or with heliostats or other apparatus mounted in 
the open air. In the corner of one of these laboratories is a 
galvanometer room containing a brick pier and heavy slate wall 
shelf, specially arranged for bolometric work. Two extremely 
sensitive reflecting galvanometers are provided. Both of the 
laboratories have slate shelves, four inches thick, supported by 
heavy slate brackets built into the outer brick wall. Sinks and 
running water are also provided, and the windows are fitted with 
rolling wood shutters, which completely exclude the light when 
closed. The collection of physical apparatus includes spectro- 
scopes of various kinds, bolometers, galvanometers, interferential 
refractometers or ‘“‘wave comparers,’’ induction coils, special 
electrode holders for spectroscopic work, a Wheatstone bridge, 
resistance coils, and numerous prisms, gratings, achromatic objec- 
tives and mirrors of glass and speculum metal. A small photo- 
graphic dark room immediately adjoining the spectroscopic 
laboratories is used in conjunction with them. 


CHEMICAL LABORATORY. 


The chemical laboratory is fitted with slate shelf, rolling win- 
dow shutters, sink and running water, and a glass-covered 
‘‘hood”’ with suitable ventilation, in which experiments with 
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noxious gases can be performed. It is equipped with a good 
assortment of chemicals, chemical glassware, balances, appli- 
ances for glass blowing, etc. 


ENLARGING CAMERA. 


In the room adjoining the chemical laboratory there is a large 
camera, specially designed for copying photographs on any 
desired scale of enlargement. © 


INSTRUMENT AND STOREROOMS. 


The cases in the instrument room contain a varied collection 
of instruments and parts which are not needed for immediate use. 
The room opposite it is intended for general storage purposes ; 
all the wood patterns made in the pattern shop are kept here 
after being returned from the foundry. 


COMPUTING ROOMS. 


The two computing rooms are fitted with heavy slate shelves 
to carry the measuring instruments, one of which, a Zeiss com- 
parator, is already in use. They also contain cases designed for 
the preservation of the numerous photographic negatives obtained 
in the course of the Observatory’s work. The Kenwood Observ- 
atory collection of over 3500 negatives, mainly of solar phenom- 
ena, is preserved here for convenient reference. 


LIBRARY. 


The library is a room 18 by 42 feet, all the available wall 
space of which is covered with oak bookcases, having shelves 
above and cupboards below. The librarian’s office, provided 
with an iron vault for the storage of valuable papers, imme- 
diately adjoins it. The collection of books is at present far 
from complete, but important additions are constantly being 
made. The thanks of the Observatory are due for the valuable 
contributions which have been received from individuals and sci- 
entific institutions in all parts of the world. Some fifty different 
scientific periodicals are regularly received by the library. On 
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account of its isolated position, removed from the reference 
libraries of Chicago, it is of the highest importance that the col- 
lection of books be made as large and complete as possible. It 
goes without saying that all contributions of scientific publica- 
tions have been exceedingly welcome. 

The Observatory possesses a large and increasing collection 
of photographs, including those exhibited by the Royal Astro- 
nomical Society at the Columbian Exposition, and afterwards 
presented to the Observatory ; a complete set of glass positives 
from Professor Barnard’s portrait-lens photographs of the Milky 
Way, comets and nebula; and the Kenwood Observatory col- 
lection. 


RECEPTION ROOM, OFFICES AND LECTURE ROOM. 


The reception room for visitors opens out of the central 
rotunda. 

Several rooms on the main floor are used as offices by mem- 
bers of the staff, as indicated in the plan (Plate X). 

At one end of the long corrider is a lecture room, containing 
a large blackboard. 


CONCAVE GRATING ROOM. 


The floor below is reached by stairs at both ends of the 
building. The eastern half of this lower story is devoted to 
the optical laboratory and the instrument and pattern shops, 
which, with the power house, will be described in another arti- 
cle. The western half contains the concave grating room, phys- 
ical laboratory, constant temperature room, emulsion room, 
enlarging room, and photographic dark rooms. The concave 
grating room is specially designed to contain a concave grating 
of twenty-one feet radius, mounted in the ordinary manner. 
The instruments at present used are a four-inch concave grating 
of ten feet focus, and a smaller one of six feet focus, from the 
Kenwood Observatory collection. The three brick piers, with 
slate tops, which carry the mounting, are shown in the plan 
(Plate XI). The slit is at S, the grating at G, and the plate- 
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holder or eyepiece at P. Sunlight is reflected into the room 
from the mirror of a heliostat placed outside the window, a lens 
being interposed to form an image of the Sun on the slit. An 
image of an electric arc or other light source may also be 
formed on the slit, either by placing the light in the direction 
from which the sunlight comes, or to one side, a reflecting 
prism being employed in the latter case. A window has been 
cut in the partition which separates the concave grating room 
from the adjoining physical laboratory, and the centers of the 
piers in this latter room are in line with the rail on which the 
plate carriage moves. Thus any desired apparatus can be used 
in conjunction with the concave grating. Both rooms have 
rolling wood shutters, which effectually exclude the light. The 
physical laboratory is also provided with heavy slate shelves 
and an instrument case. The piers in this room have been 
found to be extremely steady, the most sensitive galvanometer 
showing no signs of vibration due to the machinery in the 
instrument shop. A variety of minor apparatus, consisting 
of a large Apps induction coil, mercury pump, oxy-hydrogen 
burners, arc lamp, special electrode holders for spark spectra, 
Geissler tubes, etc., from the Kenwood Observatory collection, 
is available for use with the concave grating, or in the other 
laboratories. The concave grating room is reached from the 
central hall through a passageway having both outer and inner 
doors. Thus the room may be entered at any time during a 
long exposure without danger of admitting light and fogging 
the plate. 


EMULSION ROOM. 


In one corner of the concave grating room is the ‘emulsion 
room,” fitted with sink and running water for photographic pur- 
poses. The walls and ceiling are painted black, and can be 
sponged perfectly free from dust when photographic prepara- 
tions requiring very careful treatment are to be made. This 
room can also be entered from the central hall without danger 
of admitting light. 
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PHOTOGRAPHIC DARK ROOM. 


The large photographic dark room is on the north side of 
the building, opening into the central hall through a double 
door. It is divided into three stalls, two for developing and 
one without sink or water for use in changing plates. Each 
stall is supplied with numerous shelves, and each has a venti- 
lated recess in the wall fitted with a swinging door glazed with 
red glass, designed to contain the electric or oil lamp used for 
illumination. Immediately adjoining the developing room is a 
room for fixing and washing plates. Two sinks are provided, one 
to contain ‘“‘hypo”’ tanks for plates of various sizes, the other for 
the washing tanks. The outside windows of this room are glazed 
with red glass, and admit much more light than would be safe 
in a developing room, but not too much to affect the plates 
before and during their immersion in the hyposulphite bath. 


ENLARGING ROOM. 


The small room next to this contains a photo-engraver’s arc- 
lamp, for enlarging and copying photographs by electric light. 
A pair of large condensers are fitted into an opening in the par- 
tition, and within there is a frame for supporting the negative. 
Beyond this is the enlarging lens, which projects the image upon 
a screen mounted on rollers, which can be set at any desired . 
distance (up to twenty-four feet). All of these rooms are pro- 
vided with rolling wood shutters, which can be instantly opened 
or closed. The walls and ceilings are painted dark red. The 
developing and washing rooms have cement floors. 


CONSTANT TEMPERATURE ROOM. 


On the opposite side of the long hall is the constant tem- 
perature room, which has double walls with intervening air 
space and double doors. This room contains two clock piers, 
and a brick pier with large slate top for experimental work 
which must be carried on under conditions of constant temper- 
ature. The only astronomical clock yet in place is a fine How- 
ard clock from the Kenwood Observatory. 
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All of the rooms of the Observatory are connected with 
boxes running along the ceiling of the lower story, through 
which electric wires can be drawn. The building is lighted 
throughout by incandescent electric lamps, and heated by steam. 
A system of telephones places the Director’s office in communi- 
cation with the three domes and the power house. But little 
wood was used in constructing the Observatory, the walls being 
of brick and terra-cotta on concrete foundations, the partitions 
of hollow tile, and the floors and roof of tile supported by steel 
I-beams. The floor of the long hall in the main story is of 
marble mosaic, and the walls are wainscoted with marble. The 
offices and laboratories have maple floors, and oak is used 
throughout the building for the doors and other wood finish. 


PORTRAIT LENS AND COMET SEEKER. 


A circular building ten feet in diameter, surmounted by 
a light steel dome having a very broad slit, has been erected 
on the Observatory grounds about 300 feet southwest of the 
great tower. This will contain an equatorially mounted portrait 
lens for photographing comets, the Milky Way, nebulz, etc. A 
comet seeker will be established at no great distance from this 
dome. 


REFLECTING TELESCOPES. 


The Observatory will have the use of two large silvered 
glass reflecting telescopes. Oneof these, of twenty-four inches 
aperture and eight feet focal length, which was made by Mr. 
Ritchey for photographic work, is already employed for visual 
observations, on a temporary mounting in the heliostat room. 
The sixty-inch mirror of the other instrument, which is to be 
mounted as an equatorial coudé for astrophysical investigations, 
_ will soon be figured in the optical laboratory. 


YERKES ORSERVATORY, 
March 1897. 


( Zo be continued.) 
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THERMAL MEASUREMENTS WITH THE BOLOMETER 
BY THE ZERO METHOD. 


By F. L. O. WADSWORTH. 


In the May number of the Annales de Chimie et de Physique,’ 
in an article entitled ‘““Sur le Bolometer,” M. Crova describes 
what may perhaps be termed a zero method of using the bolo- 
meter, for which he claims a number of advantages. The 
arrangement which he proposes is only a modification of the 
well-known form of slide wire bridge which is now so universally 
used in the exact measurement and comparison of standard 
resistance coils, and the credit for any novelty which there may 
be in its application to the purpose for which he designs it 
belongs, I think, to Dr. Hallock, my predecessor in the Observa- 
tory, who first used it in the winter or early spring of 1892, over 
a year before the publication of M. Crova’s paper. 

When I was placed in charge of the work at the Observatory 
in October of the same year, I modified the existing arrange- 
ment, with a view to securing a more sensitive and reliable 
action, by substituting for the single balancing wire of copper 
two much larger wires of platinoid, which were stretched side 
by side about 1° apart, as shown at a 6,a‘b’, Fig. 1. The inner 
one was connected to the terminals of the bridge a4; the other 
one to one of the battery terminals, and a sliding clamp ¢ used 
to connect the two. All movable wires were thus avoided and 
a smoother motion and better contact secured for the balancing 


*Then Senior Assistant (in charge) of the Astrophysical Observatory, Wash- 
ington, D. C. 

2 The main part of this paper was written, as may be seen by the appended date, 
over three years ago, or only a few months after M. Crova’s article appeared. On 
account of pressure of other work it was laid aside and forgotten, until in looking over 
my papers a few days ago, I came across it. Although it is now considerably out of date 
as a reply to M. Crova’s article I have been requested to publish it as it stands, although 
I hope before long to treat the whole subject of bolometric work in a more complete 
and satisfactory manner. 
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clamp. The wires were about 2™” in diameter, and the change 
of resistance per millimeter of length was therefore 


R=s only 0.0001 ohm. 
0.0314 
I soon found, however, that even this was far too large a rate of 


change for exact measurements, for with the new galvanometer 


a ( b 
a 


9 


— 


Fig.1 


which had in the meantime been constructed for the work,’ the 
bridge system was so delicate that a movement of less than 
o™™.1 caused a galvanometer deflection of more than a hun- 
dred divisions on the scale, and since the deflection could be 
read to a tenth of a division, it was at once evident that with 
this arrangement the accuracy of the zero method, even sup- 
posing that the position of the slider could be determined 
to o™™.01, would only be about ;},5 as great as the direct 
reading of deflections. In order to attain the same degree of 
accuracy, a balancing wire would have to be used having a 
cross section at least one hundred and probably one thousand 
times as great (since movements smaller than ;4;™" can hardly 
be relied upon with any form of sliding contact). This would 


* A description of this instrument appeared in the PAz/. Mag. for December 1894. 


| 

| 

| 

| 


270 F. L. O. WADSWORTH 


have meant a wire over 60™™ in diameter, which was of course 
quite out of the question as a practical arrangement. This 
form of balance was therefore discarded and the one shown 
in Fig. 2 was, after some study, adopted in its place. In this 
we have the same two platinoid wires, a6, a'' ; the terminals 
ab being connected to the bridge terminals as before, and 
the terminals a’d’ of the second wire being now connected 
by means of flexible copper conductors of small resistance to 
two movable clamps m, #, on the first wire. <A third clamp o 
connected to the battery terminal slides upon the wire a’6’ The 
theory of this arrangement (which is simply a modified form of 
shunt), is as follows: 


‘ met 
Rees 
Fi p.m 


Let x (Fig. 2) be the resistance of that portion of the wire 
a6 between the two clamps mu; p the resistance of that por- 
tion of the wire a’ from o to a’; g that of the wire from o 
to 6’, and R and AR’ the resistance from m to a and ua to 6 
respectively. 

Then we have: 

Total resistance o to a (left hand bridge terminal), 


I 
and total resistance o to 4 (right hand bridge terminal), 
+ 244%) 


But Rk and &’ may be considered simply as forming parts of 
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the bridge arms P, Q; and hence, when the bridge is in balance, 
P+R=CQ+4+ &’, and, therefore, 
(p— 9) * 
R,.— = 
Let y be the distance of the clamp oe from the center of the 


wire, and let / be the whole length of the wire a’ 6’. Then, if 
ry, is the resistance per unit length, 
r,y=p—q 
x 


In the previous arrangement the change in resistance between 
the two arms of the bridge produced by moving the balancing 
clamp a distance y was simply 27,4. 

With the new arrangement the change in resistance for a 
given motion y has, therefore, been reduced in the ratio 

x x 
or nearly he 

if x is small as compared to /. 

The second wire evidently plays the same part with respect 
to the first that the eyepiece of a telescope performs for the 


objective. The eyepiece magnifies the image formed by the 


objective in the ratio - while the wire @’d’ magnifies the 


motion of in the ratio A —2— , if the wires and a'd’ 
x mn 


have the same resistance per unit length. In the actual arrange- 
ment / was about 40°, and the distance mm was 1™. The 
magnification was, therefore, 800, or the system was equivalent 
to a single balancing wire having a cross section 800 times as 
great as that of the wires used. By making ~~ still smaller, 
either by decreasing the distance mm or increasing the size of 
the wire aé, still greater magnification may, of course, be easily 
obtained, and the errors, due to inequalities in the size of the 
wire a'6’ and uncertainty as to the exact point of contact of the 
balancing clamp o with the latter, made as small as we choose. 
This arrangement, therefore, both on account of this greater 
sensitiveness and also on account of its greater compactness for 
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a given range of resistance, is far better adapted to accurate 
measurements by the zero method than the usual single-slide 
wire, and since, as we have just seen, the change of resistance 
is directly proportional to the linear movement of the balancing 
clamp or slider c¢, it is equally as convenient to use. 

When the magnification is high the rate of variation of 
resistance along the wire a’6’ is, of course, low, and in order to 
obtain a considerable range the latter would have to be of con- 
siderable length.*' In this case a very compact and convenient 
mounting for the second wire a’é’ is a modification of Thom- 
son’s drum rheostat which I have designed for this work and 
which is shown in plan and side elevation in Plate XVIII. The 
wire is wound, as shown in the plate, on two accurately turned 
ebonite cylinders,? which are geared together at one end by 
means of spur wheels G, G, G, so as to turn in the same direc- 
tion with the same angular velocity. The ends of the wires 
are permanently attached to a heavy brass plate at the lower 
end of the cylinders and the sliding clamp, 9, is carried on a 
copper screw s, which is driven by means of the intermediate 
gear G at a speed about twice that of the drums. The pitch of 
this screw is such that the clamp, 0 (which serves also as a guide 
for the wire, as it winds from one cylinder onto the other), moves 
a distance equal to about the diameter of the wire for every 
revolution of the screw. Continuous connection is made with 
the two plates with which the ends of the wire are connected by 
means of two attached copper wires which revolve in mercury 
cups, connected to the clamps m, ” of the bridge system; and 

*So far as a range of resistance is concerned, this is furnished by a movement of 
the two clamps m, m, either independently or together along the wire a4. But the 
accuracy of the determination of the change of resistance is in this case limited, just 
as in the case of the single-slide wire arrangement, by the accuracy of the determina- 
tion of the position of the clamps m, . It is well to have these movable in order to 
effect a preliminary adjustment of the bridge arms to approximate equality, and for 
this purpose it is convenient to have them so mounted on a single block of hard rub- 
ber (Fig. 2), that while they may be shifted slightly with respect to each other (in 


order to change the magnification if desired), they may usually be moved together as 
a unit along the wire a4. 


? Brass covered with a thin sheet of ebonite would be better. 
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connection is similarly established between the clamp ¢ and the 
battery circuit through the copper screw s, the lower end of 
which revolves in a third mercury cup." 

The position of the slider with reference to one end or the 
center of the wire (or with reference to any intermediate point 
which may correspond to the initial zero of the bridge), is 
determined by means of a scale engraved on the guide in 
which the tail piece of the clamp, a, slides, and a graduated 
head on one of the drums; the former giving the whole number 
of turns and the latter the fractions of a turn of the drums; 
from which, when we know the diameter of the cylinders and the 
pitch of s, the length of wire wound from one to the other may 
be at once determined. In order to keep the wire under a con- 
stant tension and thus make the winding as smooth and regular 
as possible, the large gears are left loose on the shafts of the 
drums and are only connected with the latter by means of strong 
spiral springs, as shown in Plate XVIII.*_ In order to keep the 
wire at a constant temperature the whole arrangement may 
be immersed in a bath of oil, but it usually suffices to simply 
enclose it in a wooden box (as shown by the dotted lines), pro- 
vided with a glass window through which the position of the 
slider may be read on the scale and graduated head. The minor 
details of construction may be easily understood from an inspec- 
tion of the drawings themselves. 

As regards the comparative advantages of the two methods 
(the deflection and the zero method) of measurement it is pos- 
sible to institute only a very general comparison. The process 
of making thermal measurements with the bolometer is, it is 
true, only a process of making a series of measurements of 


* To avoid any connection between the two ends of the wire the bearings in which 
the drum axles turn are mounted in rubber bushings and the gearon the screw is made 
of rawhide or vulcanite fiber. 


7A more accurate method of determining the position of the slider on the wire, 
which has recently suggested itself, is to make the latter in the form of a thick tape 
which is graduated on its upper surface. This would entirely avoid any errors due to 
irregularities in the winding or in the surface of the drum, or to changes in the tension 
of the wire. 
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resistance, and from that point of view alone the zero method 
would have the same advantages which attend its use in the 
accurate comparison of resistance coils by the slide wire bridge. 
The zero method has also a much wider range than the method 
of deflections, and if we wished to directly compare the radiation 
from two sources of energy, one of which is several thousand 
times as intense as the other, the former would be much more 
direct and perhaps also more accurate than the latter, which 
would necessarily involve the use of shunts. 

On the other hand the method of deflections is much more 
expeditious and more readily admits of a continuous registra- 
tion of the variations in the intensity of radiation falling on 
the bolometer strip, if these variations are not too large. It 
has also the advantage of involving no disturbance of contacts 
in any part of the bridge circuit, an advantage of so much 
importance when the bolometer is in its highest state of sensi- 
tiveness, that it practically excludes the employment of the zero 
method for accurate measurements of very feeble radiations. 
The reason for this is not at first apparent, for since the only 
sliding contact is at one of the battery terminals it would seem 
at first sight that any slight variation of resistance at that 
point would affect both arms of the bridge alike, and leave 
its balance undisturbed. But observation shows that any such 
variation (even when very small indeed) does affect the balance 
of the bridge very considerably, and the reason for this is 
that it causes a minute change of resistance and therefore a 
minute change of current in the battery circuit. In order 
to avoid this effect as far as possible many forms of sliding 
contact were tried. What is needed is something that can be 
easily slid along the wire, and at the same time can always be 
relied upon to maintain good contact. A sliding mercury con- 
tact is one of the first things that suggest themselves for this 
purpose, but none have been found that can be relied upon for 
any length of time. The best arrangement so far found is one 
similar to that shown in Fig. 3. It consists simply of two brass 
plates hinged together at the back and held together at the front 
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by a strong spiral spring. The wire lies in two V grooves lined 
with platinum, and cut away in the center in order to insure two 
perfectly definite points of contact at the ends. A screw is 
added to secure the clamp in place at any desired point on the 
wire. The clamp through which the wire passes in the case of 
the drum mounting already described is exactly similar in char- 
acter. 


The effect2of a small change of current in the bridge has not 
been considered, nor as far as I know even mentioned as a source 
of difficulty by those writers who have described most fully the 
manipulation of the bolometer, and I may therefore consider it, 
together with some other points of importance, more in detail in 
a subsequent paper. 

Suffice it to sayJhere, that in some of the earlier forms of 
bolometer (I have in mind particularly those designed and used 
by Mr. Langley in his thermal measurements in the infra-red 
spectrum at Allegheny, 1881-—6),’ a variation in the strength of 
the battery current of only one part in 1000 (,/5 of I per cent.), 
would produce a difference in the temperature of the two strips 


* Described by Mr. Langley in the Proceedings of the American Academy of Arts 
and Sciences, 16, 342, 1881. 
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of considerably over a tenth of a degree, or a difference a thou- 
sand times as great as that produced by the feeblest radiations 
which could be measured. This relatively enormous change in 
this case is due in large part to some radical errors in the 
design of these bolometers. With a properly designed and well 
constructed instrument this effect is reduced at least a hundred 
times, but it remains even then relatively large to the effects 
which are to be measured, and becomes of greater and greater 
importance as the delicacy of the whole system is increased. It 
alone is sufficient to account for nearly all the phenomena of 
bolometric “drift”? which has been heretofore attributed to 
gradual changes in the temperature of the surroundings, or to 
changes in the amount of energy falling on the bolometer strip 
caused by changes in the atmospheric absorption.’ 


SMITHSONIAN ASTROPHYSICAL OBSERVATORY, 
Washington, D. C., July 1893. 


‘ That this latter explanation at least is very far from the true one is seen readily 
enough from the fact that the drift observed is often many times as great as could 
possibly be occasioned by the cause in question; many times greater, in fact, than 
that produced by changes in the radiation equal to the total amount falling on the 
bolometer strip. 
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Minor CONTRIBUTIONS AND NOTES. 


NOTE ON PROFESSOR CAMPBELL’S OBSERVATIONS OF 
NOVA AURIGAE.’ 


In A. W., No. 3238, 135, 386-390, I have given a long series of 
measures of the position of Mova Aurigae with reference to two com- 
parison stars, £ and #. These measures were made at Mt. Hamilton 
with the thirty-six-inch to detect parallax or motion, neither of which 
were shown to exist. In this paper I have the following note on the 
appearance of the ova, which, from his remarks above, Professor 
Campbell seems to have overlooked. 

‘Much has been said of late in regard to the nebulosity of the ova. 
Dr. Huggins, Dr. Vogel, and Mr. Newall think it is simply a tele- 
scopic effect. 

‘For my own part I am anxious to do all I can to settle the ques- 
tion, as I was instrumental in getting it started. I will therefore state 
all I have learned about this nebulosity. I have no theory whatever 
to defend, and simply wish the truth to be known, and if my observa- 
tions can be of any service in getting at the true condition of this 
wonderful object I shall be satisfied. 

““When I examined this star on August 19, 1892, it appeared to me 
to be densely nebulous, and since then it has not appreciably changed. 

“The comparison star Fis yellowish, while the /Vova is bluish white. 
These two extremes of the spectrum make quite a difference in the 
focus for the two objects, as has been pointed out by Mr. Newall in 
his experience with the twenty-five-inch at Cambridge. This amounts 
to ,4, of an inch with the thirty-six-inch, and the Mova comes to a 
focus outside of that for 7. When the JVova is in the best possible 
focus it is hazy and surrounded for 5" or 6” with a decided nebulosity. 
Now when F is in focus there is no such glow about it, nor is there 
about any of the other stars near. 

“How much of this nebulosity is due to the peculiarity of the spec- 
trum of the ova I am not able to tell. But from my experience with 
nebule I would unhesitatingly say that the /Vova is distinctly and 


*See p. 240 
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unquestionably nebulous. It seems to me that Dr. Huggins’ exam- 
ination of this object with a large reflector—if he uses a high enough 
power — is the fairer test, as no peculiarity of refraction would enter 
into the formation of its image. To me the star is nebulous when in 
perfect focus both with the thirty-six-inch and the twelve-inch. As | 
have said, whether this is an effect of some peculiarity of its spectrum 
or not I am unable to tell. 

“The following will cover the apparent phenomena: When the Wova 
is in perfect focus it is hazy or woolly, the image fading into a nebu- 
lous glow some 5” or 6" in diameter. Under this condition F is 
surrounded by a disk of light several seconds in diameter and slightly 
yellowish. When ¥ is in perfect focus it is clear cut and sharp, with 
no traces of a nebulous glow about it; the Mova is then surrounded 
by a similar mass of light to that previously shown by /, except that it 
is whitish. 

“When I examined the ova on August 19, 1892, I stated that it 
was apparently nebulous before I knew of any spectroscopic or other 
observations indicating a nebulous condition.” 


MrT. HAMILTON, April 9, 1894. 


I have nothing to add to or to subtract from the above statement, 
further than to say that on the morning of August 20, 1892, both 
Professor Campbell and myself independently announced to Professor 
Holden that this star was nebulous, from the previous night’s observa- 
tions, one with the spectroscope and the other visually, and each with- 
out knowing of the work of the other. Indeed I knew nothing of the 
spectroscopic observations until the evening of August 20. 

A continuation of my measures of the position of Nova Aurigae, referred to 
above, will be found in 4. W., No. 3279, 137, 233. 

E. E. BARNARD. 

YERKES OBSERVATORY, 

March 21, 1897. 


ERRATA. 
The following corrections should be made in Professor Harzer’s article in 
the January 1897 number of this JOURNAL: 
Page 36, second line from the top, for vigor read rigor. 
Page 37, for A read 1 (three times). 
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DR. ARENDT’S SPECTROSCOPIC INVESTIGATION OF THE 
VARIATION OF AQUEOUS VAPOR IN THE ATMOS.- 
PHERE.'* 


In the review by Professor E. B. Frost in the February number of 
the ASTROPHYSICAL JOURNAL, of Dr. Arendt’s paper on the spectro- 
scopic observation of variations of the amount of aqueous vapor in the 
atmosphere, there is a very serious error which should be corrected. 

The statement is made that the increase in intensity of atmos- 
pheric lines in the spectrum is proportional to the increase in path. 
Probably what is meant is that the increase in intensity is as the 
increase in amount of atmosphere traversed by sunlight. But this 
statement not only supposes that the character of the distribution of 
aqueous vapor in the Earth’s atmosphere is the same as that of the 
other gases, which is very far from being true, but that the increase in 
intensity of absorption should be as the increase in the amount of the 
absorbing gas traversed by sunlight, which is directly contrary to the 
law of absorption in which the absorption factor enters as an exponen- 
tial term. 

In my paper’ it was thought best not to enter into these matters to 
any great extent, but this subject was carefully investigated and the 
value of the absorption factor for oxygen lines was determined, and the 
theoretical values of the intensity of oxygen lines at different altitudes 
of the Sun were calculated and compared with the results of observa- 
tion, and they were found to agree within the limits of errors of obser- 
vation. 

In the case of water-vapor, the absorption factor was determined 
only approximately by an indirect method which consisted in plotting 
together the intensities (reduced to the standard condition of the Sun 
in the zenith), for a large number of days, when complete series of 
observations were secured, and the absolute humidity for those days. 
The result was not a straight line but somewhat of a curve, as it 
should be according to absorption laws; but any such determination 
can be but unsatisfactory because of the probable difference in the 
character of the distribution of aqueous vapor in the atmosphere dur- 
ing warm and cold weather. 


*“Die Schwankungen im Wasserdampfgehalte der Atmosphare auf Grund spec- 
troskopischer Untersuchungen.” Th. Arendt, Wied. Ann. 58, 171-204, 1896. 


* Ap. J. 4, 324, 1896. 
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It was also shown by the investigation that if the absorption be sup- 
posed to increase proportionately with the amount of vapor traversed, 
no possible method of distribution of aqueous vapor in the atmosphere 
will give results agreeing with those of observation, while if the value 
of the absorption factor found be taken, then rational methods of dis- 
tribution of aqueous vapor in the atmosphere will give results agreeing 
fairly well with observations. But the character of the distribution 
not only varies very greatly with the season, but is vastly different from 
that of the oxygen and nitrogen in the atmosphere, except during the 
prevalence of cold waves, when there is considerable resemblance. 
As this work was very laborious, and it was hoped before long to 
obtain special observations which would give accurate data for deter- 
mining the value of the absorption factor for aqueous vapor free from 
the uncertainties of indirect methods, these comparisons were only 
carried out far enough to get a good idea of the facts in the case. 

Professor Frost is mistaken in supposing that Dr. Arendt’s method 
of comparing atmospheric and solar lines was different from mine. 
The method which he used (in 1895) was used by me during 1892 and 
1893, and the method of comparison, together with a description of a 
photographic scale for determining the relative intensity of the solar 
lines used for comparison, and -some of the results of observation 
obtained, were described in a paper read by Dr. J. S. Ames at the 
Congress of Astronomy and Astrophysics in Chicago, August 1893, 
and published in Astronomy and Astrophysics for November 1893. 

The essential difference in the methods pursued by Dr. Arendt and 
myself were that I carefully determined the intensities of the solar 
lines used for comparisons by the aid of a photographic scale, the lines 
of which varied uniformly in intensity according to an exact law, and 
which closely resembled in appearance the spectrum lines which were 
measured. 

In observations of the oxygen lines comparisons were made with 
selected solar lines (the intensities of which had been determined by 
the photographic scale) and also directly in the spectroscope with the 
lines of the scale, and the two methods gave concordant results. Some 
observations of the water-vapor lines have also been made in the same 
way, and as a result of comparison of the two methods, I can say that 
a direct comparison with the lines of the scale gives far more accurate 
results and is much more simple and satisfactory in every way. How- 
ever, measurements of three or four solar lines of different intensity 
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should be made at the same time to obtain the slight corrections 
which are necessary where the width of the slit does not remain con- 
stant. 

Had all of my observations been made in this direct way, greater 
accuracy would have been secured and an enormous amount of time 
and labor in the work of reduction would have been saved. 

For determining the intensity of the comparison solar lines, Dr. 
Arendt’s method of intensity steps gauged by the eye alone is certainly 
far from satisfactory where much accuracy is desired, as it is little better 
than guess-work, for the eye is quite unreliable for estimating how 
great differences in intensity are, though quite accurate for determin- 
ing equality. 

The principal reason why a spectroscope is not to be recommended 
as an addition to the instrumental equipment of all meteorological 
stations for prediction purposes, is that a set of obseryations, from sun- 
rise to noon or from noon to sunset, is necessary for determining the 
data desired ; or if observations are confined to those made near the 
meridian, they may not be strictly comparable with the meteorological 
observations which are made in the morning and evening, and in 
point of time are not available for prediction purposes. At selected 
stations, however, meridian observations might be of value. 

However, for purposes of studying the distribution and amount of 
aqueous vapor in the atmosphere, I believe the spectroscope is capable 
of giving much valuable and readily secured data, after the value for 
the absorption factor of aqueous vapor has been determined. Plans 
have been made which it is hoped will lead to the securing of this data 
before very long. Lewis E. JEWELL. 


JouNs HopkKINs UNIVERSITY, 
March 10, 1897. 


} 
| 
| 
| 
= ae 


REVIEWS. 


PHYSICAL PROPERTIES OF X-RAYS. 


ALTHOUGH many new properties of these rays have been discovered 
during the past year, as yet no crucial experiment has been brought 
forward to decide whether they are longitudinal or transverse waves, 
or streams of material particles like the cathode rays. That they are 
streams of material particles is, however, unlikely in view of the experi- 
ments of Minchin and Threlfall. The ulcerations of the skin and 
injurious effects on the joints, which have resulted, in some instances, 
from long continued exposure to the Réntgen rays, have probably no 
connection with these rays, but may be due to the cathode rays out- 
side the tube. The possibilities of longitudinal vibrations in the 
ether have been discussed by Professor J. J. Thomson (Proc. Phil. Soc., 
Cambridge, Vol. 1X, Part II) in which he shows that when convection 
currents exist, the condition for the vanishing of the longitudinal 
wave is not satisfied, and in this case we may have longitudinal 
waves. These conditions exist in a vacuum tube, and would even 
exist in solid dielectric media, provided each molecule were made up of 
a pair of oppositely charged atoms. The necessary condition for the 
production of these waves being (1) that we should have means of 
producing waves whose length is comparable with molecular dis- 
tances and (2) that we should be able to set the ether in motion. Both 
convection and longitudinal dielectric waves require for their propaga- 
tion the presence of matter-carrying charges, for on Maxwell’s electro- 
magnetic theory the longitudinal wave could not be propagated in 
ether free from matter. 

On the other hand, Professor Thomson (B. A. Address, Vature, 
September 17, 1896) has called attention to the fact that nearly every 
property of these rays is possessed by some form or other of light. 
For instance, many of the properties of these rays are possessed by a 
radiation emitted by the uranium salts and other fluorescent sub- 
stances. This new radiation, which was recently discovered by Bec- 
querel, is undoubtedly light, as it can be polarized. So far, the two 
essential properties of light waves, refraction and polarization, seem 
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to be absent from the Réntgen rays; but the absence of refraction is 
not uncommon even in ordinary light. As we know from the experi- 
ments of Kundt, Pfliiger, and others, certain waves can pass through 
gold, silver, copper, and the aniline dyes without experiencing any 
refraction, while other waves are bent in the wrong direction. Pro- 
fessor Thomson also calls attention to the fact that according to our 
theories of dispersion we should not expect to find any refraction if 
the frequency of these waves is very great. Thus, on the Helmholtz 
dispersion theory, which is based on the assumption that a molecule of 
the refracting substance is composed of two oppositely charged atoms 
and that the specific inductive capacity of the medium may be considered 
as made up of two parts, one due to the ether itself, and the other to 
the setting of the molecules along the lines of electric force, we should 
find that the index of refraction increases with the frequency of the 
light waves until it is equal to the natural period of vibration of 
the molecules of the refracting substance. The index of refraction 
then diminishes, becomes less than unity, and finally approaches 
unity, as the period of the light waves becomes great in comparison 
with the free period of the molecules. The relation between the 
refractive index and the frequency is shown by the following consid- 
eration: Let a force of given amplitude act on a mixture of such 
molecules as are considered in the Helmholtz theory and which have 
but one natural period of vibration. Then beginning with a frequency 
of force less than that of the substance, the index of refraction will 
increase with the increase in the frequency of the force, because the 
specific inductive capacity increases, due to the fact that more and more 
of the molecules will swing into line; the effect of the force will be 
greatest when its period is equal to the natural period of the molecules. 
After this, as the period of the force becomes greater than the natural 
period of the molecules, they will topple over so as to oppose the specific 
inductive capacity due to the ether. If there are a sufficient number 
of molecules they may overcome the specific inductive capacity due to 
the ether, so that the specific inductive capacity of the mixture will be 
negative. Waves of this frequency could not, of course, traverse the 
medium, but would be totally reflected. Then, as the frequency of the 
force increases, the effect of the force in making the molecules set will 
be less and less, and finally the negative part of the specific inductive 
capacity of the molecules will equal the positive part due to the ether. 
The index of refraction will then be zero. After this the effect of the 


ae 


284 REVIEWS 


force growing less and less with increase in frequency, the specific 
inductive capacity approaches that due to the ether alone, ¢. ¢., unity. 

So far the only experimenters who have obtained any evidences of 
polarization are Prince Galitzine and Karnojitsky (C. &. 122, pp. 
717-718, 1896). By a sort of cumulative method they thought they 
could observe slightly greater absorption with the axes of the tourma- 
line plates crossed than when the axes were parallel, but these experi- 
ments are uncertain and have not been confirmed by other observers. 
The reason we have not been able to detect any evidences of polariza- 
tion may be due to the fact that we have not used polarizers of suffi- 
ciently fine structure. Long electric waves may be polarized by a very 
coarse wire grating; DuBois and Rubens succeeded in polarizing the 
infra-red rays by means of a fine wire grating; while shorter waves 
would require a very much finer structure. 

Thus the absence of polarization and refraction cannot be urged as 
evidence against the theory that the R6ntgen rays are transverse ether 
waves, but is rather what we should expect if these are very short 
waves. If the atoms of a vibrating molecule carry an electrical charge, 
then the electromagnetic theory of Jight would lead us to expect two 
kinds of waves, one due to the oscillations of the atom, the other due 
to the oscillations of the electrical charges carried by these atoms. 
The wave-length of the latter would be comparable with atomic 
dimensions. Professor Thomson asks: ‘Can these be Réntgen rays ? 
and if so we should expect them to be damped with such rapidity as 
to resemble electrical impulses rather than sustained vibrations.”’ 

Professor Stokes thinks (ature, p. 427, 1896) that the many prop- 
erties which the Becquerel rays have in common with the Réntgen 
rays almost establishes the fact that the R6ntgen rays are due to some 
kind of transverse vibration. He regards the disturbance as non- 
periodic, though having certain features in common with a periodic 
disturbance of very great frequency. 

Nearly all observers who have studied the reflection of Réntgen 
rays were unable to detect any evidence of regular reflection. ‘The 
only observer who has obtained any result indicating regular reflection 
is Lord Blythswood (Proc. R. Soc., March 1896). He used two mirrors 
of polished speculum meta! placed side by side to reflect the rays. 
The negative on development appeared to show the crack separating 
the mirrors. It may be worth while repeating the experiments using 
mercury as the reflecting surface. The diffuse reflection may be due 
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to the fact that surfaces which we regard as highly polished and which 
reflect waves of ordinary length, may in reality be extremely rough 
for these very short wave-lengths, or else it may be due, as Stokes sug- 
gests, to a kind of phosphorescence produced in the substance of 
the mirror. The latter view would seem to be supported by some 
experiments of Thomson in which the reflected rays appear to have 
different properties (as regards the discharge of electrified bodies) 
from the incident rays. 

M. Gouy (Jour. de Phys. 3° série, t. V) in his researches on the 
refraction and diffraction of the Réntgen rays made use of a form of 
tube called focal, in which the rays take rise at the surface of a thin 
plate of platinum placed at the center of curvature of a spherical 
cathode. The Réntgen rays which start from this flat lamina have a 
nearly equal intensity in all directions, down*to the plane of this 
lamina. By working thus at very nearly grazing angle he obtained 
practically a linear source of great intensity, and was thus enabled to 
place his photographic plate at considerable distance with a reasonably 
short exposure. He stretched two platinum wires, whose diameter was 
o"".040, parallel to one another, and at a distance apart of 2"". Two 
prisms were placed near the middle of the wire, one opposite each 
wire, with their refracting angles turned in opposite directions. The 
two ends of the wire will thus be formed on the photographic plate 
by the rays which only traversed the air, while the central :portion is 
formed by the rays which have traversed the prisms. The photographs 
were then mounted on a very accurate dividing engine, and examined 
for any displacement of the central part of the lines relatively to the 
two ends. In this way he was enabled to show that, for the transparent 
substances examined (glass, ebonite, aluminium, etc.), the index of 
refraction exceeds unity by less than .coooo1. For the more opaque 
substances, like Zn and Fe, the accuracy of the experiment is only 
about one-twentieth of the above. To obtain an idea of the possible 
wave-length, M. Gouy made use of a well-known diffraction experi- 
ment. A slit o™.045 in width was placed at a distance 2.5 from a 
photographic plate on one side, and at an equal distance from the 
linear source of Réntgen rays on the other side. Ata distance of 
o”".055 from the center of the resulting photograph of the diffraction 
slit the intensity is far less than one-fourth the maximum intensity. 
By calculating the wave-length of light which would give as rapid a 
falling off in intensity as this, he finds that it must be far less than 50. 
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This experiment, therefore, seems to show that the wave-length of these 
rays (if they are waves) must be less than ;},5 that of ordinary green 
light. 

L. Fomm (Wied. Ann., No. 10, 1896), by a somewhat similar 
experiment with a diffraction slit, places the upper limit of the wave- 
length at 140. G. Sagnac (C. &., 122, No. 13) uses a wire grating 
and calculates from a scarcely measurable widening of the image of 
the slit an upper limit of 400. : 

Professor Thomson has, by the use of interference fringes, 
endeavored to detect any motion of the ether near an electric vibrator. 
As this motion would be oscillatory, and for an undamped vibrator the 
average velocity would be zero, he has used a heavily damped vibrator, 
hoping thus to obtain an average velocity which would be finite. 
The experiment gave a negative result. A similar experiment to 
detect any motion of the ether around a tube sending out Réntgen 
radiations was carried out, but failed to show any evidence of ether 
motion. A similar experiment has been made, independently, by 
Threlfall and Pollock (PAz7. Mag., December 1896) by an application 
of Michelson’s interference experiments. They were unable to detect 
any shift of the interference bands when the Réntgen radiations were 
started and stopped. From the limit of accuracy imposed by the con- 
ditions of the experiment, they were led to the conclusion that Réntgen 
radiations are not associated with ether velocities exceeding 177” per 
second, which is one thousand times less than the velocity of the 
cathode rays according to the measurements of Professor ‘Thomson. 

Among the most noteworthy properties of these rays are their 
power of rendering all bodies, dielectrics as well as conductors, con- 
ductors of electricity (J. J. Thomson and J. A. M’Clelland, Proc. PAd/. 
Soc. Cambridge, Vol. 1X, Pt. 11). A gas which has been thrown into 
a conducting state by the passage of Réntgen rays, retains for a con- 
siderable time its power of discharging electrified bodies. This con- 
dition is destroyed if an electric current be passed through the gas. 
The gas while in this state behaves like a dilute solution of an electro- 
lyte. When a current is sent through a gas which is being exposed to 
R6éntgen radiation, the current destroys and the rays produce the 
structure which gives conductivity to the gas. When the rate of 
destruction is equal to the rate of production we have a saturation 
current, and any further increase in the E. M. F. can cause no further 
increase in the current. The conducting property which these rays 
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confer on gases is not destroyed when the gas is passed through metal 
tubes raised to red heat; it is, however, filtered out, as it were, by pas- 
sage through water and glass wool. This latter, together with the 
comparatively slow migration velocity obtained for “ions” of a gas 
in this state conveying a current, has led Professor Thomson to think 
that the conducting structure is of a coarse nature, and that we are 
here perhaps dealing with aggregations of molecules rather than with 
the more simple ion used to explain electrolytic phenomena (J. J. 
Thomson and E. Rutherford, PAi/. Mag., No. 258). An experiment 
was made to determine if these rays were generated when the phos- 
phorescence of the glass was produced by other means than the dis- 
charge from a negative electrode (Thomson, Proc. Phil. Sec. Cam- 
bridge, Vol. 1X, Part 11). For this purpose intense phosphorescence of 
the glass was produced by a ring discharge in an electrodeless bulb. In 
a second experiment this tube was filled with oxygen, which itself 
becomes phosphorescent, but in neither case was any effect observed 
on the photographic plate. It is, therefore, possible to have phospho- 
rescence without the presence of Réntgen rays. Another experiment 
was carried out to see whether a negative electrode could produce these 
rays without the presence of the walls of the tube. For this purpose a 
piece of photographic plate was enclosed in a small ebonite box and 
placed inside the tube between the negative electrode and the wall of 
the tube, but in this case also no effect was produced on the photo- 
graphic plate. 

There is a general agreement among observers that the Réntgen 
rays discharge bodies, whether electrified positively or negatively ; 
some, however, seem to have obtained evidence of an independent 
electrification due to the rays, without agreeing as to the sign of this 
electrification. Gerchun and Borgman find it negative, and Righi 
positive. Benoist and Hurmuzescu (Jour. de Phys., 5, pp. 358-362, 
1896) have repeated the experiments with an improved form of electro- 
scope, and also with an electrometer, but fail to find any evidence of 
such electrification. Lord Kelvin (ature, December 31, 1896), by an 
experiment on air, unelectrified to begin with, finds that if such air be 
exposed to the Réntgen rays it shows decided negative electrification. 

Benoist and Hurmuzescu find that the rate of discharge of electri- 
fied bodies depends not alone on the intensity of the radiation, but 
also on the nature of the charged surface. This is similar to the action 
of ultra-violet light, whose power of discharging bodies also depends 
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on the nature of the surface, but the order of the metals is not the 
same in the two cases. For the Réntgen rays the most opaque metals 
(Pt, Hg, etc.) come at the top of the series, 7. ¢., they are discharged 
most rapidly, while the metals which are discharged more slowly are 
the transparent ones like aluminium. From this arrangement of the 
metals they conclude that the power of the different metals for utiliz- 
ing the energy of the rays for the dissipation of electricity varies 
inversely as their transparency. The theory of the pulverization of the 
metals has been used to explain the phenomena in the case of ultra- 
violet light, but this is scarcely applicable here, for similar effects were 
observed when the metals were imbedded in solid dielectric media, 
such as paraffine. In the investigation of the effect of the surround. 
ing gas, they find that for the same gas at different pressures, or differ- 
ent gases at the same pressure, the rate of discharge is proportional to 
the square root of the density, 

‘ Another interesting property of the Réntgen rays has been pointed 
out by Aubel (Jour. de Phys., 5, November 1896) who has compared 
the diathermanous property of bodies and the transparency to these 
rays. He calls attention to the fact that the presence of the halogens 
and of sulphur in a molecule increase its diathermancy but renders it 
more opaque to the rays; while bodies containing the elements carbon, 
hydrogen, and oxygen allow the rays to pass readily, although they 
absorb strongly heat radiations. Comparatively thick layers of vapor, 
however, of such opaque substances as chloride of thallium seemed 
absolutely transparent. 

Mr. C. T. Wilson, by studying the effect of R6ntgen rays on cloudy 
condensation (Proc. R. Soc., March 1896), finds that, while air exposed 
to the Réntgen rays requires to be expanded just as much as ordi- 
nary air in order that condensation may take place, these rays have 
the effect of greatly increasing the number of drops formed and the 
time during which the fog remains. In ordinary air the fog settles 
down in a few seconds, while in the air exposed to the rays it persists 
for some minutes. 

Cajori (Amer. Jour. Sct., 2, 152), who exposed photographic plates, 
suitably protected from moisture and light, on the top of Pike’s Peak, 
failed to detect any evidence of the Réntgen rays in solar radiation. 
Similar results have been obtained by Lea (Amer. Jour. Sct., 1, 363- 
364, 1896) and others. 

Winkelmann and Straubel (Wied. Ann., No. 10, 1896) found that 
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when the Réntgen rays strike upon a plate of fluor-spar and also upon 
glass containing certain of the rare earths, especially zirconium, they 
give rise to what they briefly call spar rays. They have studied the 
spectrum of the spar rays and find that it begins at A= 3960, is a 
maximum at 2800, and ceases at 2330. By placing a piece of spar 
below the photographic plate they obtain effects many times stronger 
than if the R6éntgen rays alone acted ; if a thin sheet of paper is slipped 
between the sensitive layer and the fluor-spar, its effect is cut off, thus 
showing that the Réntgen rays that struck upon the surface of the 
spar must have given rise to new waves, for, had the Réntgen rays 
been simply reflected, the paper would not have cut them off. Similar 
effects from phosphorescent sulphide of zinc, have been observed by 
Henry (C. &., 122, 312-313, 1896). Henry has also found that when 
a zine sulphide screen, wrapped in carbon paper, is covered with the 
object to be examined and exposed to the radiation of a Crookes’ tube 
for some minutes and then removed to a dark room, the image shines 
for at least one quarter of an hour, so that the smallest details of the 
image can be made out. The light emitted by glowworms was found 
to be capable of penetrating blackened paper and affecting a photo- 
graphic plate. 

Experiments by M’Clelland (Proc. R. Soc., No. 360) and others 
seem to show that the Réntgen radiations from a vacuum bulb are 
not homogeneous. By measuring the relative transparency of some 
substance, ¢. g., glass and tinfoil (by passing the rays through them and 
observing the rate at which conductors are discharged in the two cases), 
and then measuring the relative transparency of the same two speci- 
mens after the rays have passed through a few additional sheets of tin- 
foil, it was found different in the two cases. This can only be 
explained by assuming that the rays are not homogeneous, and some 
are more readily absorbed by the glass and others by the tinfoil. 

In an article by T. C. Gilchrist (Bud/. of the Johns Hopkins Hospital, 
8, No. 71) the effect of the Réntgen rays on the skin and joints is 
fully discussed. Of the thousands of experiments that have been 
made with these rays only twenty-three are known to have been fol- 
lowed by injurious effects. In several of these cases the injurious 
effects have resulted from short exposures. 

C. W. WaIDNER. 

JouNs HOPKINS UNIVERSITY, 

February 25, 1897. 
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Uber die ultravioletten Funkenspectra der Elemente.  Sitzungsberichte 
d. K. Akad. d. W. Wien. Bd. 105, pp. 389-436, 503-574, 
707-740, 1896. FRANZ EXNER und E. HASCHEK. 


THESE three papers describe a series of measures on more than 
nineteen thousand ultra-violet lines in the spark spectra of the follow- 
ing eleven elements, viz., Ag, Cu, Mn, W, Mo, Pt, Pd, Ir, Rh, Ru, Os. 
The spectra were photographed in the ordinary way with a Rowland 
5-foot concave grating. Practically all the measures lie between A 4700 
and A2100. ‘The blue and violet of the first order spectrum were sep- 
arated from the ultra-violet of the second order by placing a glass 
plate so as to cover one-half of the slit. On the part of the photo- 
graphic plate affected by the uncovered portion of the slit, one has the 
lines of both orders; while the light which passes through the glass 
belongs to the first order. 

One is naturally curious to learn in what manner the stupendous 
task of measuring nineteen thousand wave-lengths was approached. 
Nothing could be simpler. Several methods, we venture to think, 
might be more accurate. The spectrum to be measured, together 
with its comparison spectrum, Iron, was projected upon a screen, the 
image being thirty times larger than the original. On the screen is a 
half-centimeter scale ; this scale is so adjusted that the reading of each 
of the Rowland standards is its correct wave-length. ‘The unknown 
wave-lengths are thus interpolated and their values read directly from 
the scale. By this convenient method, the authors think they have 
determined their wave-lengths with an error not exceeding o.1 Ang- 
strém unit. They compare their values for 132 Osmium lines with 
those of Rowland and Tatnall for the same lines, and find the average 
deviation 0.03 Angstrém unit. The results are, therefore, perhaps 
more accurate than one would imagine when he remembers that the 
physical width of the line, the grain of the plate, and (between stan- 
dards) the distortion of the projection-lens, all cut a figure in this 
method. A series of wave-length determinations possessing this degree 
of accuracy (0.03 to o.1 Angstrém unit) is of great value. It is the 
more to be regretted, therefore, that the values are given only to the 
first decimal place, in contravention to the usual practice of giving 
results to one place beyond where they are considered thoroughly 
trustworthy. 

Accompanying the text, are beautiful photogravure reproductions 
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of nearly all the spectra studied. Each strip includes about 700 Ang- 
strém units, and is about seven inches long. The separation of the 
overlapping spectra of different orders is excellently shown on these 
plates. ; H. C. 
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In the first of these papers we find an account of the work on 
color-photography up to the year 1895. Of the various methods 
described, the one perfected by F. E. Ives (Jour. Franklin Inst. 125- 
135) is the most satisfactory. He takes three negatives through three 
compound color-screens, each adjusted by experiment so as to trans- 
mit in the correct proportion all the colors that go to make up one of 
our primary color sensations. From each of these negatives he prints 
a positive and dyes the positive red, green, or blue-violet according to 
the color sensation corresponding to its negative. When such a set 
of positives are superimposed and viewed by transmitted light we see 
an exact likeness, in its natural colors, of the object photographed. 

In the second paper Glan suggests that, instead of color screens, a 
direct vision spectroscope might be placed in front of the lens of the 
camera. Then by a suitable arrangement of diaphragms in the spec- 
troscope we could photograph the object in any colored light desired. 
Since Ives has shown that we must employ screens of compound, and 
not of pure colors, I think his method is preferable to Glan’s. 

Joly’s method is based upon the same principle as that of Ives, but 
he combines the three photographs in one. He takes his negative 
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through a screen ruled alternately with orange, green, and violet lines. 
From this he prints a positive, and views the positive through a simi- 
lar screen ruled in red, green, and violet. When this screen is so 
adjusted that the red lines are over those parts covered in the nega- 
tive by the orange lines of the taking screen, the green and violet will 
lie over the green and violet portions, and if the lines are close enough 
together, the photograph will appear colored. He rules 300 to 1000 
lines to the inch. 

Lippmann employs a transparent photographic film, which he 
backs with a layer of mercury. The light reflected from the mercury 
interferes with the incident light so as to form standing waves in the 
film. Under these conditions the reduced silver forms parallel layers 
whose distances apart at any point are equal to one-half the wave- 
length of the light incident there. Thus the film is converted into a 
kind of reflecting grating, and when viewed at the angle of specular 
reflection, appears colored. 

The last paper describes the results of a process of color photog- 
raphy invented by M. Villedieu-Chassagne. He washes an ordinary 
photographic plate in a colorless solution, takes a negative upon it, 
and from this he prints a positive upon a similarly prepared plate. 
Neither negative nor positive is colored, but the positive has the power 
of absorbing certain dyes in the correct proportions to give the natural 
colors of the object photographed. ‘The natures of the solution and 
dyes have not yet been made public. 

During an address before the Society of Arts, Sir Henry Trueman 
Wood exhibited some transparencies taken by a secret process devised 
by Mr. Bennetto, of Newquay, in Cornwall. ‘Fhey are described as 
“much clearer than those obtained by the Chassagne process, and look 
almost like water color sketches.”’ “The colors are imprinted on the 
plate just as are the light and shade in an ordinary monochrome 
photograph, and are directly visible to the eye, without any subsidiary 
apparatus.” 


N. E. Dorsey. 


JoHNS HOPKINS UNIVERSITY, 
March 11, 1897. 
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wish to go farther 
and know more of 
the work of our 
greatest man of let- 
ters, what volume 
shall select? 
There are ten or 
eleven others to 
choose from. Look- 
ing into Mr. War- 
ner’s Library we 
find that Dr. Rich- 
ard Garnett, of the 
British Museum, a 
life-long student 
and biographer of 
Emerson, has writ- 
ten a critique that 
gives us exactly 
what we wish to 
know. 


power as himself. 

The result of 
this remarkable literary movement has been 
to provide the great reading public, the busy 
public of ever scant leisure, with just what 
Emerson declared more than half a century 
ago we so much needed, namely, a guide to 
the best reading. 

Emerson indeed likens a library of miscel- 
laneous books to a lottery wherein there are 
a hundred blanks to one prize, and finally 
exclaims that ‘‘some charitable soul, after 
losing a great deal of time among the false 
books and alighting upon a few true ones, 


Watpo Emerson 


. Again, take the 
case of the man who occupies in German life 
the same place as the Sage of Concord in 
American life. All told, Goethe’s writings 
comprise seventy compact volumes. Emer- 
son himself, in one of those delightful letters 
he wrote to Carlyle, tells how, after years of 
effort, he has ‘‘he has succeeded in getting 
through thirty-five,” and despairs of the other 
half! But who, even among those who call 
themselves well read, have despatched thirty- 
five volumes of the great German, or even 
half or third of thirty-five? Nevertheless, 
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“4 PROFESSOR OF BOOKS” 


we do not like to remain without at least a 
general and historical view of Goethe's tre- 
mendous activity, and, furthermore, if we go 
beyond ‘‘ Faust” or ‘‘ Wilhelm Meister,” we 
are—the most of us—lost in a sea of conjec- 
ture as to which of the remaining sixty-eight 
volumes we shall attack. 

How happily has Mr. Warner here come to 
our relief! He has chosen, to prepare the 
Goethe section for the Library, no less a 
scholar than Prof. Edwin Dowden of Dublin, 
the President of the Goethe Society of Eng- 
land. The assignment was most fitting, as 
no Englishman since Carlyle is so well versed 
in all that pertains to the great German, none 
knows better of his strength and power, none 
better his shortcomings and his weaknesses. 
Here we have the distilled essence of his 
criticism, together with Professor Dowden’s 
choice of what is of paramount and lasting 
value in the legacy Goethe has left to us. 

Professor Evans, of Munich, performs for 
usa like service with Schiller. Prof. Maurice 
Francis Egan does the same with Calderon. 
Prof. Charles Eliot Norton of Harvard with 
Dante. Prof. Santayana with Cervantes. 
The historian Lecky with Gibbon. Charlton 
T. Lewis with Bacon, and so on. Never, it 
seems to us, was so much talent, such an ar- 
ray of eminent names pressed into service for 
the production of such compact and pregnant 
exposition and criticism. 

It would be a great mistake, however, to 
believe that the new Library which Mr. War- 
ner and his associates have prepared has to 
do with nothing but the ‘‘classics.” Here, 
for instance, is Dumas the elder. Who is 
there that has not fallen a victim to the stir- 
ring romances of ‘‘ The Three Musketeers” 
and their extensive kin? Many of us, when 
we have once got into their companionship, 
hardly know where to stop. But we do not 
want to be misled into reading an immense 
number of worthless and mediocre stories 
that Dumas, in the burst of his fame, was led 
to palm off as his own, though they were in 
reality the work of others. There never was 
a more delightful ‘* professor of books” than 
Andrew Lang, and we doubt if there is any 
one living who could tell us so much as he 
has told us in the Library of what is inter- 
esting and what we wish to know of Dumas. 

We cross from the field of romance over 
into that of poetry, and the first name we 
chance upon is that of Wordsworth, one of 


the greatest poets who ever lived—no one 
questions that. And yet what great poet ever 
left so much fine wheat mixed with so much 
chaff? Dr. R. H. Hutton, the editor of the 
London Spectator, and one of the sanest and 
most appreciative of living critics, has chosen 
for this Library the best of Wordsworth’s 
poetry, and has planned such further journeys 
through the poet’s writings as the reader 
may wish to take. 

And so we might go on. But we think we 
have made clear to the reader that which 
struck us so forcibly when we looked into 
the Emerson section, namely, how finely Mr. 
Warner has, in his Library, succeeded in 
satisfying the great want which Emerson 
there so well voiced—that of a ‘‘ professor of 
books.” Exactly as the professor of chem- 
istry or physics or astronomy or biology gives 
the student a view of the whole field of his 
seience, the summary of its achievements, 
its great names and its great works, so Mr. 
Warner and his associates have given us the 
distillation not merely of the whole world’s 
literature, in itself a colossal attempt, but, in 
addition, its history, biography, and criti- 
cism as well. It is only when we grasp its 
full import that we realize the truly vast and 
monumental character of the Library. It 
must assuredly rank as one of the most 
notable achievements of the century. 

That there is a widespread desire among 
all classes to possess these thirty treasure 
volumes clearly appears from the number 
and the character of the letters which are 
coming from far and near to the Harper’s 
Weekly Club, through which a portion of the 
first edition is being distributed. 

Although the first edition is the most 
desirable because printed from the fresh, new 
plates, the publishers, instead of advancing 
the price, have actually reduced it nearly 
half, so as to quickly place a few sets in each 
community for inspection. 

The demand for the most desirable first 
edition is so active and the number of sets 
allotted to be distributed is so limited, it is 
safest for those who really covet this invalu- 
able Library of Mr. Warner’s to write at once 
to Harper’s Weekly Club, 91 Fifth Avenue, 
New York, for sample pages and special 
prices to members of the Club now forming, 
and which will close the last day of the pres- 
ent month. 
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THE CENTURY CO. announces an educational competition. It is on 


a most interesting and original plan. Thirty-five prizes amounting to $1,000 
(first prize $500) will be given for the best answers to 150 questions. The topics 
selected deal with matters of general information; they are not scholastic, but 
are aikeaticnal. Your training at school was only 
mental drill; you have forgotten all you learned there 
$ j Oo Oo O but “reading, writing and arithmetic.” You will never 
9 forget the information derived from answering these 
r ‘ questions, because every one deals with a living and 
in 35 Prizes | useful fact. No cube-roots, no parsing, no memorizing 
of dates; instead the learning of things that everyone 
ought to know. If you make an honest attempt to 
win, you will learn to concentrate your mind, sharpen your wits, secure most 
valuable information, and stand a good chance of 
making $500 (perhaps $1,000: see below). If you gain 
first prize, the knowledge you have acquired will be $ 
worth more to you than the $500 you receive. 5 O O 
To find the answers to these questions you must use 7 y 
the encyclopedic material in The Century Dictionary First Prize 
and Cyclopedia, because these like thousands of others 
can best be answered by reference to this great work. 
If you do not already possess a set, you can easily procure one. A limited 
number of clubs are now being formed for 
the of sets at the lowest 
price. ch person joining a club (an 
S mall Month ly those who apply at once can join) secures 
his set at a reduction of 40 per cent. and 
Payments has the further privilege of paying for it in 
small monthly payments. A Pest pay- 
_ment of $5 will bring you the work and 
enable you to try for the first prize of $500, as well as the supplementary 
prize of $500 more. 
three sets of 50 each. month is 
allowed to answer eachset. Try them The Ce ntu ry 
at home. will an 
recreation for you and your family; e e 
also a good test of your ability to deal Dict inary and 


with words and facts. Have your chil- 
dren try them: it will be a real educa- C | d ° 
tion for them. Write to us for sample yc ope la 
questions, to see how instructive and 
+ useful they are, or for a description of 
+ the work. 
$ $500 MORE. UW offer a further prize of $500°to the competitor who, 
} laying aside The Century, succeeds most successfully in answering go per cent. 
sd of these questions from ten other works of reference, no matter in how many 
od volumes each is published. This offer 1s made for the purpose of showing that 
4 The Century is superior not to any other one work of reference, but to any other ten. ' 
@ THE CENTURY CO., (Dest. cs.) New York 
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THE SUMMER QUARTER 


OF 
The University of Chicago 
WILL OPEN JULY 1, 1897. 


This Quarter is an integral part of the scholastic year, and is divided 


into two terms of six weeks each. 


Two hundred and twenty courses of Instruction in Philosophy, 
Pedagogy, Political Science, History, Sociology, Comparative Religion, 
Hebrew, Assyrian, Arabic, Egyptian, Old Testament Literature and 
History, New Testament Literature and History, Comparative Philology, 
Greek, Latin, Romance Languages and Literatures, Germanic Languages 
and Literatures, English, Mathematics, Astronomy, Physics, Chemistry, 
Geology, Zoélogy, Anatomy and Histology, Bacteriology, Palxontology, 
Botany, Public Speaking, Systematic Theology, Church History, Homi- 
letics, and Physical Culture. 


Instruction will be given by one hundred and one Professors and 
Instructors. All the Libraries, Laboratories, and Museums of The 


University will be open. 


Expenses, including Tuition, for a term of Six Weeks, need not 


exceed $50.00, and may be less. 


For circulars and information address, 
THE EXAMINER, 
THE UNIVERSITY OF CHICAGO, CHICAGO, ILL. 
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A FIRST CLASS LINE 
FOR FIRST CLASS TRAVEL. 


The... 
MICHIGAN Astrophysical Journal 
(CENTRAL 
MARCH 1895 


One Dollar each will be 
paid for clean and perfect 


copies of the above issue , 


GEORGE E. HALE 
Yerkes Observatory 
Williams Bay, Wisconsin, U.S. A. 


Chicago. New York. Boston. 
A Summer Note Book 


descriptive of the Summer Resorts of the North and 
Fast and how to reach them, revised and profusely 
illustrated, will be sent for 10 cents postage. 
City Ticket Office, 119 Adams Street, Cuicaco. 
O. W. RUCGLES, 
Gen’! Pass’r and Ticket Agent. 
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CHOICE ROSES 5c. 


Our Rainbow Collection of 20 


Roses for $1.00. 


The Roses we send are on their own roots, from 10 to 15 inches high, and will 


bloom freely this Summer, either in pots or planted in yard. They are hardy ever- 
bloomers. We guarantee them to reach you in good condition. We also guarantee 
them to be the best dollar’s worth of Roses you ever purchased. 
Beaute Inconstante, changes color from yellowto red. White Perle des 
Jardins, immaculate white. Md. Schwaller, rich pink in clusters, very fragrant. 


We send Maman Cochet, rosy pink touched with yellow. Henri Rignon, coppery yellow, shaded 
instructions with red. Md. Scipion Cochet, primrose yellow, rose shadings. Bouquet d’Or, deep 
with each golden yellow, great bloomer. The Queen, immense large pure white, very fragrant. American 
order; HOW Belle, a grand deep red rose, deliciously fragrant. Corinna, flesh color, shaded tawny copper. 
TO PLANT Crimson Queen, deep velvety crimson, very rich. Augusta Victoria, pure white, always in 
AND CARE bloom Queen of Fragrance, in clusters of 8 to 10 roses, white edged shell pink. Princess of 

Wales, amber yellow, tinged with copper and orange. Madame Jules Finger, pure snow 
FOR THEM. white, wax-like intexture. Princess Sagan, called the velvety rose from its richness. J.B. 


Varronne, rosy pink, bordered withcrimson. Yellow Hermosa, a charming yellow of the richest color. Marquis de 
Viviens, everybody’s favorite, always in bloom. Victor Hugo, rich bright pink, finest rose grown. 

Get up a club and yet your collection free. Six Collections, al] labeled and packed separately, sent for $5.00. Our 
Handsome, I]ustrated Catalogue, describing al! kinds of Roses, Plants, Bulbs, and Seeds, mailed for 10 cents, stamps. We can 
save you money. Liberal premiums to club raisers, or how to get your seeds and plants free. We are the largest rose 
growers inthe world. Our sales of Rose Plants alone last season exceeded a million and a half, When you order Roses, Plants 
and Seeds, you want the very best. Try us. Address, 


The GOOD & REESE CO. Springfield, Ohio. 


Wanted 
Copies of 
| 
ee 
— ROUTE 
Address ... } 
he 
| 
SS, @ 4) 
| 
| 


AAAS 


VOLUME IV NUMBER 5 


THE 


PHYSICAL REVIEW 


PHYSICS 


CONDUCTED BY 
EDWARD L. NICHOLS 
ERNEST MERRITT, AND FREDERICK BEDELL 


XXIII 


MARCH-APRIL 1897 


‘TABLE OF CONTENTS 
The Lead Cell B. E. MOORE 
The Influence of a Static Charge of Electricity upon the Surface Tension 
of Water E, L. NICHOLS and J. A. CLARK 


On the Mechanical Conceptions of Electricity and Magnetism 
W. S. FRANKLIN 
Monri Contributions: Ona Possible Development of the Idiostatic Electrom- 
eter; C. Barus. Empirical Formule for Viscosity as a Function of Tem- 
perature; 4 Wilmer Duff. A Synchronous Motor for Determining the 
Frequency of an Alternating Current; G..S. Moler. Lecture-room Demon- 
stration of Orbits of Bodies under the Action of a Central Attraction; 
R. W. Wood. The Refractive Index of Water and Alcohol for Electrical 
Waves; A. D. Cole 


New Books: Merriman and Woodward: Higher Mathematics. Hathaway: 
A Primer of Quaternions. DD. C.and 7. C. Jackson: Alternating Current 
Machinery. Aafp- Transformers for Single and Multiphase Circuits. 
Brentano: Méthode et Principes des Sciences Naturelles. Ze Blanc: Ele- 
ments of Electro-Chemistry. Carter: Motive Power and Gearing for 
Electrical Machinery. Mathematical Papers read at the International 
Mathematical Congress, Chicago, 1893. Williams: Laboratory Manual 
of Inorganic Chemistry. 7Zw¢t/e: Chemistry at a Glance. Thorp: Inor- 
ganic Chemical Preparations. The American Annual of Photography. 
Matthews and Shearer: Problems and Questions in Physics. 


COPYRIGHT, 18y7, BY THE MACMILLAN COMPANY. 


PUBLISHED FOR CORNELL UNIVERSITY 
NEW YORK: THE MACMILLAN COMPANY 


LONDON: MACMILLAN & CO., LTD. 
BERLIN: MAYER & MUELLER 


JOURNAL OF EXPERIMENTAL AND THEORETICAL 


353 


375 


388 


400 


416 


3 
A 
j 
| 
| 
| 
| 
| = 
‘ 
| 
| 
| 


THE 
OURNAL OF Puy SICAL Couemistrv 


Edited by Published at 
Wilder D. Bancroft, Joseph E. Trevor Cornell University 


RECENT ARTICLES 


ON IRREVERSIBLE CELLs. I. . ; : A. E. Taylor 
CHEMISTRY AND Its Laws . ; . F. Wald 
On TERNARY MIXTURES . ‘ . W. D. Bancroft 
NASCENT HYDROGEN R. Franchot 
On IRREVERSIBLE CELLS. Il. . ‘ . A. E. Taylor 
PURIFICATION OF WATER ‘ G. A. Hulet. 
SOLUTION AND FusION ; W. D. Bancroft 
SPEED OF ESTERIFICATION . d R. B. Warder 
PRECIPITATION OF SALTS . H. A. Bathrick 
INNER THERMODYNAMIC’EQUILIBRIA J. E. Trevor 
THE ABEGG METHOD, . ; . £. H. Loomis 
SULFUR AND TOLUENE . . J. K. Haywood 
ON QUINTUPLE POINTS ‘ ‘ W. Bancroft 
SOLIDS AND VAPORS. Second Paper . W. D. Bancroft 
OSMOTIC PRESSURE AND VARIANCE . JS. Trevor 


In addition to the original articles each number contains critical reviews of the 
current journal and book literature of Physical Chemistry. 


ITHACA, NEW YORK: The Editors 
LONDON: Gay and Bird LEIPZIG: Bernh. Liebisch 


22 Bedford Street, Strand, W.C. (K. F. Koehler’s Antiquarium) 
For the British Islands For the Continent of Europe 


Issued every month, except July, August, and September: Price, $2.50 per year 


The first volume will run to the close of 1897, and comprise twelve numbers 


> 
{ 
| 
i 
| 


RECENTLY PUBLISHED 


The Natural History and Scientific Book Circular 
No. 124 


ASTRONOMY 


Including Works from the Libraries of 


Sir G. B. Airy, F.R.S., late Astronomer Royal 


and 


A. C. Ranyarp, F.R.A.S., Editor of Knowledge 


A new and valuable catalogue of astronomical and astrophysical 
works. To be had on application to 


WILLIAM WESLEY & SON, 


of 28 Essex STREET, STRAND, LONDON. 


CARL ZEISS LOUIS MULLER-UNKEL, 


OPTICAL WORKS, JENA 


(Partners: L. Miiller-Unkel and R. Miiller-Uri) 


BRAUNSCHWEIG, GERMANY 


| MICROSCOPES AND MICROSCOPIC 
ACCESSORIES 


MANUFACTURERS OF 


PHOTO-MICROGRAPHIC AND 
' PROJECTION APPARATUS Blown Glass 


PHOTOGRAPHIC OBJECTIVES AND For Scientific Purposes 
PHOTO-OPTICAL APPLIANCES 
MECHANICAL AND OPTICAL MEASURING All kinds of Lecture Apparatus and Supplies 
INSTRUMENTS Lecher’s and Zehender Tubes, etc. 
For Hertz’s Experiments 
[Abbe Spectrometer and Refractometer (the Lenard’s Tube 
latter for scientific and technical purposes — For Kathode Rays 


Butter Refractometer, Crystal Refractometer, 
etc.), Focometer, Thickness Micrometer, Com- ( ty") 
parator, Spherometer, Dilatometer, etc. NEW Plucker’s Spectrum Tubes and Geissler Tubes 


4 INSTRUMENTS: Pulfrich Universal Refracto- Elster and Geitel’s Apparatus 
. — For Tela’s Experiments 
meter, Spectroscopes, Goniometer, etc.] 


NEW BINOCULAR HAND TELESCOPES | S°!= MAKERS oF 
ELSTER & GEITEL’S PHOTO-ELECTRIC 


Catalogue mailed free on application APPARATUS, etc. 
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Photographs, 

Bromide Enlargements, 
Lantern Slides, an 
Window Transparencies. 


From recent Astronomical Negatives made by 


Professors George E. Hale, 
E. E. Barnard, and 
S. W. Burnham, 


including all that will be made at the 


YERKES OBSERVATORY 


Sun-Spots, Faculz, Solar Prominences, 


From negatives 
made with the 


Spectroheliograph at the Kenwood Observatory 


Stellar Spectra and the Spectra of various Solar Phenomena 


Professor Barnard’s Photographs of Comets, 
Nebulz, and the Milky Way 


Professor Burnham's Negatives of the Moon, 
Winter and Summer Views of 
Mt. Hamilton and Lick Observatory 
Lantern-Slides furnished from any of the plates, diagrams, etc., 
published in this journal 
Price of Lantern-Slides 75 cents each 


Catalogue and Price List mailed on application 


Chicago Institute of Photography 
308-316 Dearborn Street 
GAYTON A. DOUGLASS 
Director Cc H I CAGO 


JOHN BYRNE’S 


na stronomical 
"4 Terrestrial 


TELESCO PES 


Of three, four, five, six inches 
and larger apertures 


.Short Focus 
Brilliant Light 


Inimitable for Perfection of Fig- 
ure, Sharpness of Definition, and 
Accuracy of Color Correction. 
Send for Catalogue to 


GALL & LEMBKE 
Opticians 
21 Union Square, New ‘York City 


Kandier & Gaertner, 


SCIENTIFIC INSTRUMENT MAKERS, 
415-417 Dearborn St., Chicago. 


Astronomical Instruments, 
Apparatus for Physical 


and Astrophysical Research. 
Equatorials, Reflecting Tele- 
scopes, Universal Instruments, 
Zenith Telescopes, Spectrome- 


ters, Refractometers, Bolome- 


ters, Magnetometers, Galvanome- 
ters, Comparators, Cathetometers, 
Circular and Longitudinal Dividing 
Engines. 

Instruments and Apparatus of any 


description carefully reconstructed 
or repaired. 
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ALVAN CLARK & SONS 


CAMBRIDGEPORT, MASS. 


Manufacturers of 


ASTRONOSICAL TELESCOPES 
With Improved Equatorial Mountings 


Sizes from Four-inch Aperture 


to the Largest Ever Ordered 


Send for Photographs of our Portable Equatorials or 
five and six-inch fixed, with accessories — the best to be had for 


educational and amateur work. 


Terrestrial Telescopes for private residences. 


The performance of our instruments, famous the world 
over, is their own greatest recommendation. An experience of 
nearly a half century in the art of telescope making enables us to 
apply a degree of skill and judgment to our work which make 
our objectives unrivalled in excellence. 


Among our telescopes are 


The Lick Refractor, 36-inch. Princeton Refractor, 23-inch. 
Pulkowa Refractor, 30-inch. Denver Refractor, 20-inch. 
Washington Refractor, 26-inch. Chicago Refractor, 18.5-inch. 


University of Virginia, 26-inch. Rochester Refractor, 16-inch. 
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Most Modern Complete. 


Illustrating and Engraving 
Establishment in America 


Binner’s 
“Modernized 


BHdvertising”’ 


sent on receipt of 10 
cents postage vt 
Illustrated from cover 
to cover. 


Binner’s 
Poster 
mailed to any address 


on receipt of 10 cents 


U. S. postage. 


Mlustrators aw Engravers tor 


Scientific Reports and Publications, College 


Annuals, Souvenirs, Medical Books, Etc., 
Either in black and white or colors 
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CABLE ADDRESS: 
Brashear, Pittsburg 


John A. Brashear 


Allegheny, Pennsylvania 


ASSOCIATES: 


ASTRONOMICAL 482 PHYSICAL INSTRUMENTS 


Dr. Charles S. Hastings 


Manufacturers of 


Refracting and Reflecting Telescopes, for 


visual and photographic purposes. 


Objectives all computed by our associate, 
Dr. CHARLES HASTINGS, rigorously 


treated for all corrections. 


Wide field Photographic Doublets, giving 


circular images of stars up to edge of field. 


Plane Mirrors of Speculum Metal, Steel or 
Glass. Parallel Plates. Prisms of Glass, Quartz 


or Rock Salt, with surfaces accurately flat. 
Eyepieces of any description. 


Diffraction Gratings ruled on PROFESSOR 
ROWLAND’s Engine, from one to six inches in 


diameter. 


Spectroscopes of all kinds, including various 
forms of Telespectroscopes, Spectroheliographs 
Concave Grating Spectroscopes, Spectrometers 


etc., for visual and photographic work. 


Comet “‘ Sweepers,’”’ Micrometers, Driving 
Clocks, Heliostats, Siderostats, Refractometers, 


etc., Gic. 


SPECIAL APPARATUS 


For Astronomical and Physical Research 


and Constructed 


James B. McDowell 
Charles H. Brashear 
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PLATE XIX. 


VENUS. 


1889, MAY, 297 11" 12™ ALM. 


12-inch Equatorial. E. E. Barnard, 


‘ 
| 
Ss 
| 
| ‘EA | 
| 
& 
| 
| | 


